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*%* The package codes of P, G, C, and FP are applied to the package materials as follows. 
P: Plastic DIP, G: Cerdip, C : Side-brazed Ceramic DIP, FP: Small Sized Flat Package. 
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%*** The package codes of P, G, and C are applied to the package materials as follows. 
P: Plastic DIP, G: Cerdip, C : Side-brazed Ceramic DIP 
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** The package codes of F, G, and P are applied to the package material as follows. 
F : Flat Package, G‘Cerdip, P: Plastic DIP 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, HM2110, HM2110-1, HM2110-2, HM2112, HM2112-1, 
HM100415, HM2510, HM2510-1, HM2510-2, HM2511, HM2511-1, HD2916, HD2923 


HM4816A~-3, HM4816A-3E, HM4816A-4, HM4816A-7, HM4864-2, HM4864-3, HM4864A-12, HM4864A-15, 
HM 4864A-20 


HM472114A-1, HM472114A-2, HM472114-3, HM472114-4, HM4334-3, HM4334-4, HM6148, HM6148-6, 
HM6147, HM6147-3, HM6147H-35, HM6147H-45, HM10470, HM10470-1, HM100470, HN25044, HN25045, 
HN25084, HN25084S, HN25085, HN25085S 


HM6167, HM6167-6, HM6167-8 


HM6116-2, HM6116-3, HM6116-4, HM6116L-2, HM6116L-3, HM6116L-4, HN25088, HN25088S, 
HN25089, HN25089S, HN25168S, HN25169S 


HM10422, HM10474, HM100422, HM100474 


HN462716G, HN462716G-1, HN462716G-2, HN462532G, HN462532G-2, 
HN462532GL, HN462732G, HN462732G-2, HN482732AG-20, HN482732AG-25, HN482732AG -30 


HN482764G, HN482764G-3, HN482764G-4 


® SIDE-BRAZED DIP 


eDC-24C . @®DC-28B 


5.08max 2.54min 


H 
isis 
0.20 ~0.36 0.20~0.36 


Applicable ICs 


DC-24C | HN462716, HN462532, HN462732 
DC-28B | HN482764, HN482764-3, HN482764-4 
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Packaging Information 
@Fliat Package 


@FP-24 


5.Umax 


15.80( Including End Flash) 


= 
ww 
Bo) 
Cx. 
a 
<= 
{x} 
oD 
= 
“wa 
as 
oO 
i= 
= 
— 
us 
_— 
coy 
= 


2.50max 


U2 ina x 


O.thenin 


Applicable ICs 


HM6116FP-2, HM6116FP-3, HM6116FP-4 
HM6116LFP-2, HM6116LFP-3, HM6116LFP -4, 
HM6117FP-3, HM6117FP-4, HM6117LFP-3, 
HM6117LFP -4 


HM100422, HM100474 
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® KELIABILITY OF HITACHI IC MEMORIES 





1. STRUCTURE 

1C memories are structurally classified into bipolar 
type and MOS type. The former has a characteristic 
of an extremely high speed. Bui it is a comparative- 
ly small capacity and on the other hand, the latter 
features a large capacity. These IC memories are 
utilized by effectively taking the most of their 
respective characteristics. 

Flows from designing, manufacturing and up to 
inspection for both Bipolar and MOS type IC 
memories are established under a unified concept, 
design and inspection standards. Therefore stable 
results concerning their reliability have been ob- 
tained with these IC memories, regardless of differ- 
ences in the circuit design, pattern, layout, degree of 


® Table 1 Examples of Basic Cell Circuit of IC Memories 


eae Bipolar memory Bipolar memory NMOS memory 
Classification (RAM) (PROM) (Dynamic RAM) 


Buffer memory, 
control memory 


Microcomputer 


Application control use 


of high-speed 
computer 


Example of 
basic cell 
circuit 


IC memory chips produced in the latest technolo- 
gies are sealed in different packages. Ceramic pack- 
age, Cerdip (glass-sealed type) and Plastic package 
are the current major IC packages. Also such 
packages as LCC (Leadiess Chip Carrier) for high 
package density and SO (Small Outline) package are 
now under development. 


@ Table 2 Examples of IC Memory Package Outlines 
m= Ceramic DIP 
@ 16 Pin 
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integration, etc. 

From its characteristics, the memory LSI is inte- 
grated in high density by unit patterns called ‘’cell’’ 
and it is not exaggeration to say that they are 
produced in the most advanced semiconductor 
manufacturing technologies. To get the high reliabil- 
ity of such a memory which has been subjected to 
rapid technological advances, know-hows based on 
past experience from the design stage of a cell are 
incorporated. Farther to evaluated reliability of 
each respective technology applied. Reliability eval- 
uation using TEG (Test Element Group), etc. is 
carried out. Examples of cell circuits of the Bipolar 
memory and MOS memory are shown in Table |. 


NMOS: coe NMOS memory 
Static RAM baa 
For 
Main memory of computer, microcomputer 
microcomputer memory control 





Ceramic and Cerdip versions, with their hermetically 
sealed structure, are suitable to the equipment 
requiring high reliability. Plastic version, the leading 
semiconductor package, is applied to various kinds 
of equipment. Hitachi Plastic package has been 
improved to the close reliability level as the hermeti- 
cally sealed devices. Table 2 shows examples of IC 
memory package outlines. 


@ 28 Pin 
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® Cerdip 
@ 16 Pin @ 18 Pin ® 20 Pin 


@ 28 Pin with Lid 


@ Plastic DIP 
@ 16 Pin j ® 20 Pin @ 24 Pin 





2. RELIABILITY DATA Results of reliability tests are listed below. : 

2-1 Reliability test data on Bipolar memories rules and quality control, there is no difference in 
The reliability test data on the Bipolar memories are reliability among various types. In addition, it can 
shown in Tables 3 and 4. Since they are manufac- be said that the greater the capacity, the higher the 
tured under the aforementioned standardized design reliability per bit. 


® Table 3 Results on Bipolar Memory Reliability Tests (1) 








T HM10470 (Cerdip) HN25089 (Cerdip) 
Test item ee Sam- | Total com- | Fail- Failure Total com- Failure 
ples vot hours " rate* Pe oe hours ol rate 
Ws SV (RAM)  aaalite Ox a es 
VEE poe a x 107 
diet BE ey ROM 4.0 x | ae >  aaalite x 10° 3650 6xi0 
temperature a 150°C 
(Operating) | Vep=-5.2V (RAM) 2.7 x 10° 3.4 x 107° 1.0 x 10° 9.2 x 1075 
Voc=5.5V | po 
tcyc=lus (ROM) 
High- Ta=200°C = 2.7x105 | 0 { 3.4x 10% 15x10* | 0 | 6.1x 107 


storage | Ta=295°C | 20} 20x10° | 0 | 446x108] 15 | 15x10* | 0 | 61x 10% 


* Estimated failure rate with confidence level 60% 
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® Table 4 Results on Bipolar Memory Reliability Tests (2) 
mano Ca | HM10470(Cerdip) _ 


HN 25089 (Cerdip) 


Test Item Test condition Fane Panic 
Temperature cycling 65°C ~ 150°C, 10 cycles Sees = al 0 
Soldering heat 260°C 10 seconds a ae re = 0 
Thermal shock 0°C ~ 100°C 10 cycles + 0. 

: 1 ,00G, 0.5ms 
: 100 ~ 2,000Hz, 20G 
Variable frequency | 1Ptee ines erch-for X, V and 2 ae eB 0 
Constant-accelaration 20,000G 1 minute each for X, Y and Z | 40 {| 0 | 2 | 0 


2-2 Reliability test data on MOS memories 




















DRAM), HM4716AP (16K DRAM), HM6116P (16K 


The reliability test data on the MOS memories are SRAM), HM6147P (4K SRAM), HN462732, 
shown in Tables 5, 6 and 7, In these tables, data are HN462532 (32K EPROM), HN462716 (16K 
shown on representative types of HM4864 (64K EPROM). 
®@ Table 5 Results on MOS Memory Reliability Tests (1) 
HM4864 (Ceramic) HN46 25 32/HN462732 (Cerdip) 
Test item contton Sent rot ae! Fail- a ener Fail- | Failure Remarks 
Sage one A ures a " ones ures rate* 
High: Ta=125°C Ve’ | # Oxi 
7 d 
dynamic | Voc=5-5V |1872/3. 33.x108 12540" 1oxio® 9.2x10°S ee 
operation teyc=3 us Unknown x 1 





High- 
temperature 


Ta=200°C 4.0x 10° 2.3x1075 1.4x10° 6.6x10°° 
storage 
High- 
temperature| Ta=259°C 5.0x10* 1.8x107° 
storage 














nest Ta=295°C 4.2x10° 4.8x10°= | Data 
storage disappearance 
* Estimated failure rate with confidence level 60% 
® Table 6 Results on MOS Memory Reliability Tests (2) 
HM4716AP (Plastic) HM6116P/HM6147P (Plastic) 
Sao com- Total com- 
: Test Fail-| Failure Fail- Failure Remarks 
High- ailure x 
i/hr | *2 Oxide 

a ir 2330) 3 Peni 2. aie 1216 | 1. stot 3*2 | 2.19x10°§ failure x 1 

ynam. Electrostatic 
operation discharge x1 

= Unknown x 1 

High- 
temperature | Ta=150°C 4s 4.5x10* 2.0x 107° 20 | 2.0x10° 4.6x10% 
storage 

. *3 Aluminium 
eats corrosion x 17 
and high- 3081} 6.2x10® |19*3] 3.1x10°* | 630] 1.3x10° 4.0x10°° | x4 pranteies : 
cee corrosion x 3 

1a$ Unknown x 1 





* Estimated failure rate with confidence level 60%. 
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® Table 7 Results on MOS Memory Reliability Tests (3) 
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HM4864 HM4864 EPROM HM4716AP HM6116P 
Test j T diti Ceramic Cerdip) Cerdip HM6147P 
est item est condition Fail- | Sam- | Fail- | Sam- | Fail- Fail- Fail- 
ures ples ures ples ures ures ures | 
Temperature -65°C~RT~ 150°C 
ce ieee 108 | o | 260 | o | so | o | -{ -| -j| - 
Temperature -§5°C~RT~150°C 
are OB 
Temperature -55°C~ 150°C 
cycling i000cycies | 64 | 0 | 100 | o | so | o | ooo | o | -| - 
Tremmalshoce [ESET [a fo | fo] | o|io|o| -| — 
OC ~ 100°C 
Tiemal shock [9 -f07° |---| - [i] o || 0] «| 
Soldering heat_| 260°C, 10 seconds | 22 | 0 [| 22 | 0 | 22 | O | 128 | 0 | 60) 0 
Mechanical 1,500G, 0.5ms 22 38 38 ie 
shock 
Yea, [0-200 00 | 2] 0] fo] {o| -|-| -|- 
Constant- 
acceleration _| 20,000G [92 See | 8 eS pe 


2.3 Change of electrical characteristics under endur- 
ance test for [C memories 

The degradation of Icgo of the cell transistor, 

degradation of hfe, etc., can be considered as main 

factors in the internal elements for reliability of 

Bipolar memories. In actual element designing,. 


Fig. 1 Example of Change in Bipolar Memory Characteristics 


Example 


HM 10470 
Ta=125°C, VeR=-5.2V 


Device name 


Test condition 


Failure criteria taa=25ns 
Failure mechanism Surface degradation 


Results: 
Access time (t, A) is stabilized and is within the failure 
criteria. 


VtH is a basic parameter in the MOS memories, 
however, it has been confirmed there is not any 
shift in V+y for practical usage because we have 
applied surface stabilizing technique, clean process, 
etc. 

In case of dynamic RAM which needs refresh cycle, 
refresh time is also stabilized owing to the above- 
mentioned process. Time dependence of Vcc min 
and tree characteristics for the 64K DRAM are 
shown in Fig. 2 and 3. 


however, it has been designed to operate in the 
range at which these degradations do not happen. 
Therefore changes of electrical characteristics in- 
cluding access time are not observed. 

Time dependence in access time for HM10470 is 
shown in Fig. 1. 


Example of time change in access time for Bipolar memory 


Measuring Condition Maximum 
Average 
Minimum 


Marching Pattern 


taa (ns) 





Time (hr) 


HM4864-3 N=50pcs 


i ificatic 
$$ —f—___p—__f ge 
Averz : 
Min. at 
Measuring Conditions 
> Ta=25C 
* trac =200ns 
- Marching Pattern 


500 


Vec min (V) 
DR TOW FP OND ~ 





1,000 1,500 
Time (hrs) 


2,000 


Fig.2 Vcc min time dependence in dynamic operation 
test at 125°C 
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Measuring Ta=70°C 
Conditions Vcc=4.5V 


HM4864-3 
N=50pcs 


Disturb Pattern 


tREF (ms) 





Specification 
2ms 
0 
0 500 1,000 1,500 2,000 
Time (hrs) 


Fig. 3 Time dependence in refresh time (taef) in dynamic operation test at 125 C 


2.4 Classification of failure modes 

Examples of failures happened in the field are 
shown in Fig. 4 and 5. Since memory LSls generally 
require the most fine processing in semiconductor 
manufacturing technology, the percentage of fail- 
ures resulting from pinholes, photoresist defects, 
foreign materials, etc., is tending to increase. To 
eliminate the latent defects which are generated in 
these manufacturing processes, we are constantly 








Unknown 
or 


Others 
10% 







Pinholes 
20% 












Non- 
reappearing 
Failures 


25% 
















Defective Insulation 
Layer Due to Foreign 
Materials 9% 







Statistics 
for 1979-1980 
20~60FIT 


Destruction 
30% 
Defective Photo- 


lithography 3% 
Defective Metalization 3% 


Fig. 4 Classification of Failure Modes of Bipolar Memory 
in the field 
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improving these processes, and performing burn-in 
screening under high temperature for all memories. 
In addition, since the analysis of failures in the field 
can result in important feedback to improve their 
design and manufacturing, we are always exerting 


our efforts to collect customer process data and 


field data with the aim of further establishing their 
high reliability. 







Unknown 
or 
Others 


15% 







Pinholes 
27% 








Statistics 


for 1979-1980 
30 ~200FIT 









Defective 
Photo- 
lithography 


11% 





Denstruction 







40% 





Marginal 
Failures 


1% 


Fig. 5 Classification of Failure Modes of MOS Memory 
in the field 


3. SOFT ERROR 

3.1 Soft Error Mechanism 

As mentioned before, IC memories have been 
increasingly miniaturized. Miniaturization, which 
means reduction of the horizontal plane dimensions 
as well as the vertical dimensions, causes signal level 
on the chip and storage charge of dynamic memories 
to be also decreased. An obstacle lying before 
miniaturization is soft error. Soft errors can be 
characterized as ‘transitory failures in which normal 
memory operation can be recovered by reprogram- 
ming information.”” Soft errors are caused by 
a-particles emitted from U and T,, contained in the 
packaging materials. As memory chips are exposed 
to a-particles, a great deal of electron-hole pairs 
are induced in Si substrate. These induced electrons 
cause memory information reversion. Fig. 6 shows 
the mechanism of information reversion in NMOS 
dynamic memory by a-particles. In case of NMOS 
dynamic memory, negative voltage is applied to the 
Si substrate. Therefore, positive holes are drawn by 
substrate, and only electrons cause information 
reversion (from information “‘1" to ‘‘0’’) of memory 


Polysilicon Gate 


oS 


| Silicon Substrate; | ane | 
iormation eee Area 
| (e being absent )\ 
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cell. Fig. 6 shows misoperation seen in memory cell. 
Such a failure mode, which is defined as ‘‘Memory 
cell mode of soft errors,”’ is distinguished from “Bit 
line mode.”’ “Bit line mode” of soft errors is shown 
in Fig. 7. As information in memory cell is read out 
on bit line, bit line potential changes depending on 
memory cell information. The changing value is very 
small (several 100 mV), and compared with stand- 
ard potential (potential read out from dummy cell), 
it is amplified by sense amplifier. If bit line is 
exposed to a-particles during the very short period 
between read-out from memory cell and amplifica- 
tion by sense amplifier, bit line potential decreases. 
And as it becomes less than standard potential, 
misoperation from information “O” to “1” will tgke 
place. On the other hand, with decrease of standard 
potential, misoperation from information “‘1” to 
“OQ” is seen. Both are called ‘‘Bit line mode’’ because 
errors appear at irradiation of a-particles. Soft error 
dependence on cycle time is shown in Fig. 8. 





(a) Memory information at ‘1’ (b) Incident a-particle generate a  (c) Inversion of memory informa- 


(Electrons are absent) 
(1 Transistor type memory cell) 


large quantity of electron-hole 
pairs. Generated electrons enter 


tion from ‘1'' (electrons ‘‘ab- 
sent’’) to ‘‘0” (electrons ’‘filled’’) 


the information storage area and 
holes are drawn to the substrate 


power supply. 


Fig. 6 Misoperation in Memory Cell 
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Bit Line. Potential 
Information 


Reference Level 


| Information “QM 


Pre-  Inforamtion Amplified 
charge Read Cycle 


v 


(b) Inversion of information (c) Inversion of information 


from ‘1"' to “0” 
(fall of ‘1’ potential) 


Read out memory information 
into bit fine 


from “0” to “1” 
(fall of standard potential) 


Fig. 7 Misoperation on Bit Line 


108 


Cell Mode 
10? 


10 Bit Line Mode 


Soft Error Rate (Relative Figure) 





] 10 10? 103 
Cycle Time (Relative Figure) 


Fig. 8 Soft Error Rate’s Dependence on Cycle Time 


Actual products will have three types of failure 
modes, that is, cell mode, bit line mode and mixture 
of both modes. Soft error mechanism of static MOS 
memories and of bipolar memories are different 
from the above-mentioned mechanism in dynamic 
MOS memories. 

In case of static memory, certain level of current 
always flows through the cell in order to retain the 
data in flip-flop circuit. When partial current in- 
duced by a@-particles exceeds the retention current, 
Misoperation occurs because of reversion of flip-flop 
circuit. 
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3.2 Examples of soft error preventive measures in 
products 

At the initial stage of the 64K DRAM development, 

its soft error rate was estimated from accelerated 

irradiation test data to be higher than the expected 

design value. Hitachi has performed the following 

soft error preventive measures. 

1) Selection of packaging materials which emit a 
minimal number of a-particles. 

2) Application of chip coating technology to pre- 
vent the a-particles. 

3) Use of circuitry and layout technology with 
inherent ability to resist a-particles. 

Owing to these corrective measures, soft errors in 

64K DRAM have reached a practically acceptable 

level. Preventive measures applied for 64K DRAM 

are also applied to other types. 16K DRAM with 

single power supply 5V family, for which chip 

coating was originally used, no longer requires this 

coating because of remarkable improvement by the 

third measure. 


10? 





16k-bit Dynamic RAM 

. in Early Development 

ee (Sample for HM4816) 
\ 


N 
\ 
\ 
N 


10° 


10° 


(Relative Figure) 


Soft Error Rate in Forced Test 


0 1 2 sa he 5 6 é 
Supply Voltage Vcc (V) 


Fig.9 Example of Soft Error Improvement on 16K-bit 
Dynamic RAM 


3.3 Request for soft error preventative measures in 
system equipment 

Thus our efforts to reduce soft errors have resulted 

in almost trouble-free memories. System reliability 

can be more improved by supplying some functions, 

that is, ECC device for lage memory system and 

parity bit for small one. 
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4. RELIABILITY CLASSIFICATION 


In designing 1!C memories, Hitachi classifies memory 

reliability by their application and controls the 

flows of design, production and test. Reliability can 

be roughly classified as follows: 

(1) For large scale computers and electronic 
exchangers 

(11) For important parts for auto-motive applica- 
tion 

(111) General communication-industrial use 

In using our products, therefore, we would like you 

to consider the classification of the application. 

Especially, when you are going to apply our 

memories to any special equipment, please do not 

hesitate to consult our sales engineering staff. 
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Mi PRECAUTIONS FOR HANDLING IC _ MEMORIES 


A variety of IC memories of high-spped, high-power 
and static Jower power dissipation CMOS have been 
developed and commercially available, which allows 
an electronics designer to properly select the one 
best suited for a particular application. However, he 
must be familiar with the advantages and disadvan- 
tages of the devices to make the optimum selection 
and to prevent them from malfunctioning or, in the 
worst case, from breaking down. Precautions for 
handling IC memories given below will help the 
electronics designers to work out their optimum 
circuit designs. 


1. BIPOLAR IC MEMORY 
1.1 Prevention of static electricity 
Bipolar {Cs have been considered to have high 
resistance to the static electricity than MOS ICs. 
However, the presently available high speed IC, 
represented by bipolar memories, must be provided 
with a suitable preventive measure against the static 
electricity. Because their diffused junctions have 
become thinner than the conventional taypes, in 
order to perform higher capability. Take note of the 
following points. 

(1) Keep all terminals of a device in the conductive 
mat during transportation and storage to keep 
them at the same potential. A conductive mat 
called “MOSPAK” is commercially available. 
Unless otherwise specially stated, all HITACHI 
IC memories will be shipped in our conductive 
mats. Store them as they are. 


(2) When handling by hand IC memories for 


inspection or connection, his finger must be 
grounded as shown in Fig. 1. Do not forget to 
insert a 1M ohm resistor to protect him against 
an electric shock. 


— clip 


Ques 


Copper ring 


{put it on a finger) a wire 


(about 1 meter) IMQMW resistor 


(3) It is advisable to control the ambient relative 
humidity at about 50 per cent to prevent the 
occurrence of static electricity. 

(4) {It is also recommendable to wear cotton clothes 
instead of the ones made of synthetic fabrics to 
prevent the static electricity from occurring. 
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(5) It is desirable to ground the soldering iron tips. 
Use a low voltage soldering iron (12 or 24V), if 
possible. | 

(6) When !C memories mounted on the circuit 
boards are shipped, it is preferable to pack 
them with conductive mats. 


1.2 Cooling down 

A bipolar memory will dissipate about 0.5 W of 
power notwithstanding it is operated or not oper- 
ated. For instance, a 4K byte memory card consist- 
ing of 36 peices of HM2510 devices will dissipate 
about 20 Watts. Since the heat generated by such a 
circuit board is too great to be removed by the 
natural convection, a forced air cooling system 
having a capability of 2.5 m/s or more air blow must 
be installed. A large memory system must be 
installed in a sealed housing which has a pair of air 
inlet and outlet. 


1.3 Preventive measures for reverse insertion 

If a device is reversely connected, an excessive 
current will flow to burn the connection leads to 
the memory chip resulting in breakdown of the 
device, because its Vcc and ground terminals are. 
symmetically positioned. Locate the pin No. 1 
which is indicated by a mark on the top surface of 
each device and provide the device with correct 
connection. | 


2. MOS IC MEMORY 

2.1 Prevention of static electricity 

Similar to bipolar 1C memories, suitable preventive 
measures should be taken for MOS IC memories by 
referring to paragraph 1.1. 


2.2 Absorption of power source noise 

The source current level flowing in the dynamic 
memory during the time of access is considerably 
different from that of stand by. Although the 
current difference is quite effective to save the 
power consumption, the current spike may be 
developed into the power source noise. Since all 
MOS IC memories are, in general, accessed while 
being refreshed, it is recommended to insert large 
capacitors (a 10 uF capacitor for every 9 pieces of 
16K-bit HM4716A, for example) as well as a 0.1 uF 
capacitor having good high-frequency characteristics 
for each memory. Needless to say, it is very 
important to reduce the power circuit impedance 
when designing. 


2.3 Current spike in Vgg power 
The Vgg power is necessary for maintaining the IC 


memory function in the reverse bias and the current 
does not generally exceed the level of the reverse 
leakage current. However, in order to prevent an 
accidental current spike which is sharply formed in 
either positive or negative phase by the rise or fall 
clock pulse at the time of access, use a 0.1 UF 
capacitor for every 2 or 3 memories for absorbing 
such noises. 


2.4 Clock drive ICs 

The TTL to MOS clock drive ICs have special 
designs so that they are capable of quick increase in 
the capacitive load. If a ground wire short-circuits 
either Vop oF Vec which appear in the Pin No. 1 
and No. 16 respectively, when the device is at high 
level, the device may be broken down. Carefully 
eliminate such possibility beforehand. 


2.5 Power application sequence 

It is advisable to design the circuits so that power is 
applied in the sequence of Vgg, Vpp and Vcc and 
interrupted in the reverse sequence, here the reverse 
bias Veg is applied first and interrupted last. 

It may be impossible for some small-scaled systems 
to apply power in the above-mentioned sequence 
(for example, when the Veg is supplied by a DC to 
DC converter). According to our experiments con- 
ducted in the under-mentioned test conditions, it 
has been proved that such a small-scaled system as 
to consist of 200 to 300 memory devices is not 
affected by he power application sequence. 

Power application sequence test for N MOS IC 

1.) Test method 

(1) Ambient temperature: 25°C 

(2) Power voltage: Vpop=13.2V, Vec=5.0V, 
Vip=5.0V 

AC operation (“0” to 
“16383” all bits scanning). 


(3) Operation mode: 


teye=10 us 
Read modify write oper- 
tion 

(4) Veg power: ON (1 min.) — Floating 
(1 min.) 
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2.) Test results 


Number of | Number of | Number of 
cycles sample failures 


2000 cycles = 











HM4716A 





2.6 Assessment of the memory system design 

It is quite effective to obtain the power margin 
curves (shmoo curve) for evaluating the memory 
system designs (timing margin or adaptability to the 
peripheral circuits). Investigate the Veg and Vop 
power behaviors by gradually varying their levels, 
and the ones which are closer to the margine shown 
by the memory device itself can be judged to be 
better than others. 


2.7 Overhead parity bit 

Application of MOS IC static memory especially to 
microcomputers has been rapidly increasing due to 
the advantages that MOS static memory is operated 
by a single 5V power source and refreshing is not 
required. 

There are some cases where all bits are used as the 
information bit without inclusion of any parity bit 
by some circuit designing reasons. It is, however, 
desirable to add parity bits to thoroughly avoid the 
memory error. 


23 


# QUALITY ASSURANCE OF IC MEMORY 





1. VIEWS ON QUALITY AND 
RELIABILITY 
Basic views on quality in Hitachi are to meet 
individual users’ purchase purpose and quality re- 
quired, and to be at the satisfied quality level 
considering general marketability. Quality reuired 
by users is specifically clear if the contract specifica- 
tion is provided. If not, quality required is not 
always definite. In both cases, efforts are made to 
assure the reliability so that semiconductor devices 
delivered can perform their ability in actual operat- 
ing circumstances. To realize the quality in manu- 
facturing process, the key points should be to estab- 
lish quality: control system in the process and to 
enhance morale for quality. In addition, quality 
required by users on semiconductor devices are 
going toward higher level as performance of elec- 
tronic system in the market is going toward higher 
one and is expanding size and application fields. To 
cover the situation, actual bases Hitachi is perform- 
ing is as follows; 
(1) Build the reliability in design at the stage of 
new product development. 
(2) Build the quality at the sources of manufactur- 
ing process. 
(3) Execute harder the inspection and reliability 
confirmation of final products. 
(4) Make quality level higher with field data feed 
back, 
(5) Cooperate with research laboratories for higher 
quality and reliability. 
With the views and methods mentioned above, 
utmost efforts are made for users’ requirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Targets 

Reliability target is the important factor in manu- 

facture and sales as wel as performance and price. 

It is not practical to rate reliability target with 

failure rate at the certain common test condition. 

The reliability target is determined corresponding to 

character of equipments taking design, manufacture, 

inner process quality control, screening and test 

method, etc. into consideration, and considering 

operating circumstances of equipments the semicon- 

ductor device used in, reliability target of system, 

derating applied in design, operating condition, 

maintenance, etc. 

2.2 Reliability Design 

To achieve the reliability required based on reliabil- 

ity targets, timely sude and execution of design 

standardization, device design (include process 
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design, structure design), design review, reliability 
test are essential. 

(1) Design Standardization 

Establishement of design rule, and standerdization 
of parts, material and process are necessary. As for 
design rule, critical items on quality and reliability 
are always studied at circuit design, device design, 
layout design, etc. Therefore, as long as standard- 
ized process, material, etc. are used, reliability risk is 
extremely small even in new development devices 
only except for in the case special requirements in 
function needed. 

(2) Device Design 

It is important for device design to consider total 
balance of process design, structure design, circuit 
and layout design. Especially in the case new 
process and new material are employed, technical 
study is deeply executed prior to device develop- 
ment. 

(3) Reliability Evaluation by Test Site 

Test site is sometimes called Test Pattern. It is 
useful method for design and process reliability 
evaluation of IC and LS! whichhave complicated 
functions. 

1. Purposes of Test Site are as follows; 

@ Making clear about fundamental failure mode 

@ Analysis of relation between failure mode and 
manufacturing process condition 

@ Search for failure mechanism analysis 

@ Establishment of QC point in manufacturing 

2 Effectiveness of evaluation by Test Site are as 
follows; 

@ Common fundamental failure mode and fail- 
ure mechanism in devices can be evaluated. 

@ Factors dominating failure mode can be 
picked up, and comparison can be made with 
process having been experienced in field. 

@ Able to analyze relation between failure 
causes and manufacturing factors. 

@ Easy torun tests. 

etc. 


2.3 Design Review 

Design review is organized method to confirm that 
design satisfies the performance required including 
users’ and design work follows the specified ways, 
and whether or not technical improved items 
accumulated in test data of individual major fields 
and field data are effectively built in. In addition, 
from the standpoint of enhancement of competition 
power of products, the major purpose of design 
review is to insure quality and reliability of the 
products. In Hitachi, design review is performed 
from the planning stage for new products and even 


for design changed products. Items discussed and 

determined at design review are as follows; 

(1) Description of the products based on specified 
design documents. 

(2) From the standpoint of specialty of individual 
participants, design documents are studied, and 
if unclear matter is found, sub program of 
calculation, experiments, investigation, etc. will 
be carried out. 

(3) Determine contents of reliability and methods, 
etc. based on design document and drawing. 

(4) Check process ability of manufacturing line to 
achieve design goal. 

(5) Discussion about preparation for production. 

(6) Planning and execution of sub-programs for 
design change proposed by individual specialist, 
and for tests, experiments and calculation to 
confirm the design change. 

(7) Reference of past failure experiences with 
similar devices, confirmation of method to 
provent them, and planning and execution of 
test program for confirmation of them. These 
study and decision are made using check lists 
made individually depending on the objects. 
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3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity. of Quality Assurance 

General views of overall quality assurance in Hitachi 


are as follows; 


(1) Problems in individual process should be solyed 
in the process. Therefore, at final product stage, 
the potential failrue factors have been already 
removed. 

(2) Feedback of information should be made to 
insure satisfied level of process ability. 

(3) To assure reliability required as an result of the 
things mentioned above is the purpose of 
quality assurance. 

The followings are regarding device design, quality 

approval at mass production, inner process quality 

control, product inspection and reliability tests. 


3.2 Quality Approval 

To insure quality and reliability required, quality 
approval is carried out at trial production stage of 
device design and mass production. stage based on 
reliability design described at section 2. 

The views on quality approval are as follows; 





Step Contents 


Target 
Specification 


Design 


Materials, Parts 
4 Trial 


Approval} Parts 


Design Review 


Characteristics of Material and 


Confirmation of 


Production 


Characteristics Approval 


Quality Approval (1) 


Quality Approval (2) 


Mass 
Production 


Appearance 
Dimension 

Heat Resistance 
Mechanical 
Electrical 
Others 


Electrical 
Characteristics 

Function 

Voltage 

Current 

Temperature 

Others 
Appearance, Dimension 


Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 


Others 


Reliability Test 
Process Check same as 
Quality Approval (1) 





Fig. 1 Flow Chart of Quality Approval 


CRaracteristics and 
Reliability of Materials 
and Parts 


Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 


Confirmation of Quality 
and Reliability in Design 


Confirmation of Quality 
and Reliability in Mass 


Production 
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(1) The third party executes approval objectively 3.3 Quality and Reliability Control at Mass Produc- 
from the stand point of customers. tion 

(2) Fully consider past failure experiences and For quality assurance of products in mass produc- 
information from field. tion, quality control is executed with organic 

(3) Approval is needed for design change and work division of functions in manufacturing department,. 
change. quality assurance department, which are major, and 

(4) Intensive approval is executed on parts material other departments related. The total function flow 
and process. is shown in Fig. 2. The main points are described 

(5) Study process ability and fluctuation factor, below. 
and set up contro! points at mass production. 

Considering the views mentioned above, quality 

approval shown in Fig. 1 is executed. 


Process Quality Control 


Material, Parts 


Material, 
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Parts Inspection on Material and 


Inspection of 
Material and Parts 


-——— 


Manufacturing eee 
_ 


100% Inspection 


| 
| 
| 
| 
| 
| 
| 
| 
| 


iia a 


Products 
Products 
Inspection 


Lot 
Assurance 
Test 


Receiving 
Shipment | 
| 


Customer 


Fig. 2 Flow Chart of Quality Control in Manufacturing 
Process 


Parts for Semiconductor 


Devices 


Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 


Inner Process 


‘Quality Control 


100% Inspection on 
Appearance and Electrical 


Characteristics 


Sampling Inspection on 
Appearance and Electrical 


Characteristics 


Reliability Test 


Quality Information 
Claim 
Field Experience 
General Quality 
Information 


Lot Sampling, 
Confirmation of 


Quality Level 


Confirmation of 
Quality Level 


Lot Sampling, 
Confirmation of 


Quality Level 


Testing, 


Inspection 


Lot Sampling 


Confirmation of 
Quality Level, Lot 
Sampling 


Feedback of 


Information 





3.3.1 Quality Control of Parts and Material 
As tendency toward higher performance and higher 
reliability of semiconductor devices, is going, impor- 
tance is increasing in quality control of material and 
parts, which are crystal, lead frame, fine wire for 
wire bonding, package, to build products, and 
materials needed in manufacturing process, which 
are mask pattern and chemicals. Besides quality 
approval on parts and materials stated in section 
3.2, the incoming inspection is, also, key in quality 
contro! of parts and materials. The incoming inspec- 
tion is performed based on incoming inspection 
specification following purchase specification and 
drawing, and sampling inspection is executed based 
on MIL-STD-105D mainly. 
The other activities of quality assurance are as 
follows; 
(1) Outside Vendor Technical Information Meeting 
(2) Approval on outside vendors, and guidance of 
outside vendors 
(3) Physical chemical analysis and test 
The typical check points of parts and materials are 
shown in Table 1. 


@ Table 1 Quality Control Check Points of Material 
and Parts (Example) 


Material, Important 
Parts Control Items 


Appearance 


Point for Check 


Damage and Contamina- 
tion on Surface 
Flatness 













Dimension 









































Match Sheet Resistance Resistance 
Defect Density Defect Numbers 
Crystal Axis 
Appearance Defect Numbers, Scratch 
Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 
Fine Appearance Contamination, Scratch, 
Wire for Bend, Twist 
Wire Dimension 
Bonding Purity Purity Level 
Elongation Ratio | Mechanical Strength 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Processing 
Frame Accuracy 
, Plating Bondability, Solderability 
Mounting Heat Resistance 
Characteristics 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
Mechanical Mechanical Strength 
Strength 
Composition Characteristics of 
Plastic Material 
Electrical 
Pence 
: Therma 
Plastic Characteristics 
Molding Molding Performance 
Performance 
Mounting Mounting Characteristics 


Characteristics 
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3.3.2 Inner Process Quality Control 

Inner process quality control is performing very 
important function in quality assurance of semicon- 
ductor devices. The following is description about 
control of semi-final products, final products, manu- 
facturing facilities, measuring equipments, circum- 
stances and sub materials. The manufacturing inner 
Process quality control is shown in Fig. 3 corre- 
sponding to: the manufacturing process. 

(1) Quality Control of Semi-final Products and 

Final Products 

Potential failure factors of semiconductor 

devices should be removed preventively in 

manufacturing process. To achieve it, check 
points are set-up in each process, and products 
which have potential failure factor are not 
transfer to the next process. Especially, for high 
reliability semiconductor devices, manufactur- 
ing line is rigidly selected, and tighter inner 
process quality control is executed — rigid 

check in each process and each lot, 100% 

inspection pointed process to remove failure 

factor caused by manufacturing fluctuation, 
and execution of screening needed, such as high 
temperature aging and temperature cycling. 

Contents of inner process quality control are as 

follows; 

@ Condition control on individual equipments 
and workers, and sampling check of semi- 
final products. 

@ Proposal and carrying-out improvement of 
work 

@ Education of workers 

@ Maintenance and improvement of yield 

@® Picking-up of quality problems, and execu- 
tion of countermeasures 

@ Transfer of information about quality 

(2) Quality Control of Manufacturing Facilities and 

Measuring Equipment 

Manufacturing equipments are extraordinary devel- 
oping as higher performance devices are needed and 
improvement of production, and are important 
factors to determine quality and reliability. In 
Hitachi, automatization of manufacturing equip- 
ments are promoted to improve manufacturing 
fluctuation, and controls are made to maintain 
prompt operation of high performance equipments 
and perform the proper function. As for mainte- 
nance inspection for quality control, there are daily 
inspection which is performed daily based on 
specification rekated, and periodical inspection 
which is performed periodically. At the inspection, 
inspection points listed in the specification are 
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checked one by one not to make any omission. As 
for adjustment and maintenance of measuring 
equipments, maintenance number, specification are 
checked one by one to maintain and improve 
quality. 

(3) Quality Control of Manufacturing Circum- 

stances and Sub-materials 

Quality and reliability of semiconductor device is 
highly affected by manufacturing process. There- 
fore, the controls of manufacturing circumstances — 
temperature, humidity, dust — and the control of 


submaterials — gas, pure water — used in manufac- 
turing process are intensively executed. Dust control 
is described in more detail below. 

Dust control is essential to realize higher integration 
and higher reliability of devices. In Hitachi, mainte- 
nance and improvement of cleanness in manufactur- 
ing site are executed with paying intensive attention 
on buildings, facilities, air-conditioning systems, 
materials delivered-in, clothes, work, etc., and peri- 
odical inspection on floating dust in room, falling 
dusts and dirtiness of floor. 


Process 


Purchase of Materia] 


Surface Oxidation 


Inspection on Surface 
Oxidation 


Photo Resist 


Inspection on Photo Resist 
© PQC Level Check 
Diffusion 


Inspection on Diffusion 
© PQC Level Check 


Evaporation 


Inspection on Evaporation 
©PQC Level Check 
Wafer Inspection 


Inspection on Chip 
Electrical Characteristics 


Chip Scribe 


Inspection on Chip 
Appearance 


©PQC Lot Judgement 


Assembling 


©PQC Level Check 


Inspection after 
Assembling 


©PQC Lot Judgement 
Sealing 


©PQC Level Check 


Final Electrical Inspection 
©Failure Analysis 


Appearance Inspection 


Sampling Inspection on 
Products 


Receiving 


Shipment 


Control Point 


Wafer 


Oxidation 


Photo 
Resist 


Diffusion 


Evapo- 
ration 


Wafer 


Chip 


Assembling 


Sealing 


Marking 


Characteristics, Appearance 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


Diffusion Depth, Sheet 


Resistance 
Gate Width 


Characteristics of Oxide Film 
Breakdown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, Vru Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


Appearance after Chip 
Bond ing 

Appearance after Wire 
Bonding 

Pull Strength, Compresion 
Width, Shear Strength 


Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 


Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Fig. 3 Example of Inner Process Quality Control 
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Purpose of Control 


Scratch, Removal! of Crystal 
Defect Wafer 

Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 


Diffusion Status 


Control of Basic Parameters 
(Vru, etc) Cleaness of surface, 
Prior Check of Vin 

Breakdown Voltage Check 


Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 
Bonding 

Quality Check of Wire 
Bonding 

Prevention of Open and 
Short 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 
mation 





3.3.3 Final Product Inspection and Reliability As- 
surance 

(1) Final Product Inspection 

Lot inspection is done by quality assurance depart- 
ment for products which were judged as good 
products in 100% test, which is final process in 
manufacturing department. Though 100% of good 
products is expected, sampling inspection is exe- 
cuted to prevent mixture of failed products by 


Customer 


Claim 
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mistake of work, etc. The inspection is executed not 
only to confirm that the products meet users’ 
requirement, but to consider potential factors. Lot 
inspection is executed based on MIL-STD-105D. 

(2) Reliability Assurance Tests 

To assure reliability of semiconductor devices, 
periodical reliability tests and reliability tests on 
individual manufacturing lot required by user are 
performed. 


(Failures, Information) 


Sales Dept. 


Sales Engineering Dept. 


Quality Assurance Dept 


Manufacturing Dept. 


Assurance Dept. - 


Sales Engineering Dept. 


Design Dept. 


Reply 


Customer 


Fig. 4 Process Flow Chart of Field Failure 


Failure Analysis 


Countermeasure 
Execution of 
Countermeasure 


Follow-up and Confirmation 
of Countermeasure Execution 
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1. Inspection Method 

Compared to conventional core memories, all peri- 
pheral circuits such as the decoder circuit, write 
circuit, read circuit, etc., are contained within the 
iC memories. As a result, all works of assembling 
the parts and performing electrical inspection, 
which had been carried out by core memory 
manufacturers in the past, have be come to be 
incorporated as works of IC manufacturers. Con- 
sequently, the electrical inspection of the memory 
IC has been faced to a more systematic inspection 
method and conventional !C inspection facilities 
have become completely useless. This has led to the 
development and introduction of a memory tester 
with pattern generator to generate the inspection 
pattern of the memory IC at high speed. A function 
test for such as TTL gates can be performed even by 
a comparatively simple DC parameter facility. How- 
ever, when the address input becomes multiplexed 
as in 16K memory, even the generation of the 
function test pattern becomes a serious problem. In 
the memory IC inspection, its quality cannot be 
judged by only inspecting DC characteristics related 
to external pins. This is because numbers of 
transistors, etc., related to the DC characteristics of 
the pins only amount to 1/1000 of all element 
numbers within 1C memories. The following various 
address patterns are proposed to inspect whether or 
not the internal circuits are functioning correctly. 
(1) All “Low”, all “High” 

(2) Checker flag 

(3) Stripe pattern 

(4) Marching 

(5) Galloping 

(6) Walking 

(7) Ping-pong 

Although there are a lot of address patterns, only 
representative ones have been listed. These patterns 
are convenient for checking the mutual finter- 
ference of bits and sometimes are patterns with 
maximum power dissipation. Among the above- 
mentioned patterns, those of (1) to (4) are the 
socalled N patterns and these patterns are capable of 
checking !C memories of N bits with several 
sequences of N at most against the memory IC of N 
bits. Whereas, those of (5) to (7) are caled N? 
patterns and they need patterns several sequences of 
N?. 

A serious problem arises in using the N? patterns in 
a large-capacity memory, for example, a long period 
of about 30 minutes becomes necessary to perform 
inspection of the 16K memory with galloping 
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pattern. Patterns from (1) (3) are comparatively 
simple and good methods, but they are not perfect 
against a failure in the decoder circuit. As the most 
simple pattern for inspecting the necessary memory 


- function, there is a “Marching” pattern. 


2. Marching Pattern 

The marching pattern, as its name indicates, is a 

pattern in which “1”s march into all bits written in 

“O's. The addressing method will be explained for a 

simple 16 bit memory as an example. 

(1) Write “O” for all bits ............ Fig. 1(a) 

(2) Read “0” of Oth address and check that the 
read data is “O’. Hereafter, the meaning of 
*“Read” is “checking and judging the data’. 

(3) Write “1 in the Oth address ....... Fig. I(b) 

(4) Read “0” of 1st address 

(5) Write “1” in 1st address 

(6) Read “0” of nth address 

(7) Write 1” innth address ......... Fig. 1(c) 

(8) Repeat above procedures (6) and (7) up to the 
last. Finally, all data will become “1”. 

(9) Since all data are ‘’1’’s in this condition, replace 
“O" and “1” after procedure (2) and repeat 
once more up to procedure (8). 

It is understood that 5N address patterns are 

necessary for the N bit memory in this method. 





Fig. 1 Addressing method for 16 bits memory in the 
Marching pattern 


3. Generation of Marching Pattern 

The method of generating the marching pattern and 
displaying failed bits of the memory on the Braun 
tube will be introduced. Fig. 2 shows the all block 
diagram. The address pattern is generated by using 
four synchronous 4 bit counters. All address pat- 
terns are shown in Fig. 4. This example, is for 16K 
bit memory, however, it can be easily understood 
that A14 which has a half frequency of the 
maximum address input A13 is the same as the data 
input. 

The A15 signal together with the carrier signal of 
HD74161 is used to determinine the termination of 
the sequence. 

As shown in Fig 2. In the read and write cycles after 
cleaning all bits addressing is twice the period of 
clearing. This switching is performed at the gate of 


the binary circuit following the reference pulse 
generating circuit. 
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Fig. 3 Fail Bit Map Display Circuit 
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Aw 
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Fig. 4 Entire Pulse Relations 


Input the output of HD74161 is input to the D/A 
converter and the output of D/A converter is 
connected to the oscilloscope to display ~~ X-Y 
matrix. The output of the comparator circuit is 
cohnected to the Z axis and performs luminous 
intensity modulation. In this way, the fail bit map 
can be displayed on the CRT. Fig. 5 shows an 
example checking a voltage margin. By changing the 


to Comparator Circuit of Memory 


Outline of Testing Method 


power voltage Veg, the increase and decrease of the 
failed bits can be well understood. The operation of 
the memory can be dynamically understood by 
displaying its operation on the CRT. The operation 
of the memory IC is extremely complicated differ- 
ing from other TTLs, etc.. Its operation is not easy 
to understand by pulse waveform observation with 
an ordinary oscilloscope. The fail bit map as shown 
in Fig. 5 is extremely useful. It is capable of visually 
understanding the operation of memory IC. 


Y Address .-— 





(a) Ves —0.3V X Address - - 


Y Address 





(b) Vas=—0.1V X Address * 
Fig. 5 Example of Dependency of Fail Bit Map on Vag 


Y Address 





X Address ~ -* 


Fig. 6 Example of 1 bit solid fail 


4. Failure Mode 

Generally, failure 70% ~ 90% of failures at users are 
of those called solid failure. This failure mode has 
no relation with access time, voltage margin and 
timing, and is not capable of reading from or writing 
to certain specified bits and is failure fixed to ‘‘0’’ 
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or “1”. An example of single bit solid failure is 
shown in Fig. 6. The convenient checker, previously 
mentioned as simple tester, is sufficiently capable of 
detecting such failures. Therefore, with the excep- 
tion of special! cases, it can be considered that the 
necessity of performing high-precision measure- 
ments such as those made by memory IC manufac- 
turers is rare. 

In the inspection of memory IC at our company, 
full inspection under the worst conditions are 
performed so as to guarantee sufficient operations 
under all power voltage conditions and timing 
conditions listed in the data sheet. 

An extremely accurate memory tester becomes 
necessary for performing high-precision inspection 
with 1ns accuracy. Our company is developing IC 
memory testers to supply memory ICs with excel- 
lent characteristics and quality to users and is 
establishing the system capable of developing 
further high-efficiency memory ICs. 
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1. PROGRAMMING & ERASING 
OF EPROM 


1.1 Programming 

Programming to the memory cell of EPROMs is 
achieved by applying a high voltage to the drain and 
gate. The high voltage of the drain raises the 
electron energy of the channel and the voltage of 
the gate induces the high energy electron (hot 
electron) injecting to the floating gate. Thus, the 
charge injected to the floating gate changes the 
threshold voltage of the memory cell and stores it as 
the memory information gate changes the threshold 
voltage of the memory cell and stores it as the 
memory information. Initially, and after each era- 
sure all bits of EPROMs are in the “1” state. 


Drain 
Gate | 


Floating Gate 
Fig. 1 Equivalent circuit shematic of memory cell 


Data can be programmed (‘'1” > “0’’) by applying 
the timing relation waveform and voltage supply 
stipulated in the specification of EPROMs. Program- 
ming can be made to a sequential address and a 
random address. In addition, writing of only 1 word 
is also possible. Bits programmed in this manner 
become ‘’0” in normal power supply condition, 
however, the output data inverses to “1"’ when Vcc 
is rises. This voltage (READ Vcc) becomes the 
index for confirming how sufficiently programming 
has been made to the floating gate. (Of course, the 
switching speed, input/output levels and others 
cannot be guaranteed in the range exceeding the 
power supply condition of Vcc.) Fig. 2 shown the 
correlations among this READ Vcc, program pulse 
width (tpW) and Vpp is designated at 25V +1V. 
When Vpp exceeds the maximum rating (including 
overshoot), the p-n junction of the device some- 
times leads to permanent breakage of the element. 
Taking this point into consideration, please take 
sufficient care by performing checking of Vpp over 
shoot of the P-ROM writer, etc. 

And also take care of negative voltage noise on any 
pin. 

Since a total inspection cannot be performed prior 
to shipment on matters such as writing & erasing 
cycles, a guarantee form is not employed but it 
maintains a standard capable of repeating more than 
100 times normally. It can be said to be a sufficient 


standard when considering the repetition to be 
about 10 times in maximum in actual use. 

Changes on the floating is gradually decreasing and 
high the temperature is, faster the decreasing rate is. 
Please refer Fig. 3. 
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Fig. 2 Typical Programming Characteristics 
of EPROMs. 


1.2 Erasing 

Data erasing of EPROMs is performed by the 
discharge of the electric charge in the floating gate 
and with the ultraviolet ray irradiation to the 
memory cell. 

The erasing condition is stipulated as ultraviolet ray 
wavelength 2,537A and minimum integrated dose 
15W. sec/cm?. This condition can be obtained by 
placing an ultra violet lamp of 12,000uW/cm? 
within 1 inch of the device and shelving it for about 
20 minutes. The materia! quality of the transparent 
lid is a sapphire and the transmission ratio of the 
ultravioletrays is about 70%. However, when con- 
tamination and foreign matters exist on the cap 
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surface, the transmission ratio will deteriorate and 
the time required for erasing will become extended. 
In such a case, it is necessary to remove the 
contamination with solvents such as an alcohol, etc., 
which do not affect the package. Actually, erasing 
of the element can be sufficiently performed in a 
shorter time than the stipulated erasing time but 


since the erasing condition of 15W.sec/cm? for 


performing erasing with a sufficient margin within 
the device usage condition range has been decided, 
always be sure to perform irradiation above this 
condition. 

Although the efficiency of ultraviolet rays of a 
wavelength of less than 3,000 ~ 4,000A may differ, 
it has the capability of discharging the electric 
charge accumulated in the memory cell of EPROMs. 
The typical erasing characteristics of EPROMs are 
shown in Fig. 4. The existance of easy-to-erase and 
hard-to-erase bit in the LSI in this drawing is due to 
the disperison of accumulated electron volume, etc. 
Since a slight a mount of ultraviolet rays is 
contained in fluorescent lights and sunlight, there 
lies a possibility of causing inversion (0” > 1°’) of 
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300 200 150 100 


Storage Temperature (C) 


Fig. 3 Typical Data Retention Characteristics 


Read Vcc ({V) 





UV-Irradiation (W-sec/cm?) 


Fig. 4 Typical Erasing Characteristics 
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the memory information accompanying the vanish- 
ing of the charge when such light is irradiated for a 
long period. Therefore, when there lies a possibility 
of light being irradiated and a high reliability is 
demanded, provide measures for shielding the light. 
such as pasting a seal on the lid, etc. 


1.3 EPROM Writer 
The 16K EPROM wirter stores the program in its 
internal RAM and writes the program in the 
EPROM. For this programming, the minimum of 3 
functions, the Blank check function prior to pro- 
gramming, the programming function and the Veri- 
fy function after programming are necessary. 
As shown in the ‘drawing, there are also wirters 
provided with a reverse insertion checking function 
or pin contact checking function prior to the Blank 
Check. 
The outline of each block is as follows. 
(a) Pin contact check 
In the connection test of the ROM pin and the 
socket, normally checking is performed by 
detecting the forward current of each EPROM 
pin. 
Care is necessary as this forward biased resist- 
ance differs according to products of each 
company. 
(b) Reverse insertion check 
This check detects the reverse insertion of the 
device, places the equipment in reset mode and 
protects the device and equipment. 
(c) Blank check 
This check is performed prior to programming 
and checks whether or not it is an erased 
EPROM or for preventing EPROM reprogram- 
ming. 
Since the output data in the erased condition 
are “1° (high level), check whether or not data 
in EPROM are all ‘1’. It will fail-stop even 
when 1 bit of “0” (low level). 
Normally, it is designed to provide warning 
with a lamp or buzzer. 
(d) Programming 
The function of programming the data in the 
internal RAMof the writer into EPROM and will 
fail-stop when programming cannot be made. 
The normal flow is as shown below. The 
EPROM data will be read out prior to program- 
ming and compared with the programming 
data. If they coincide, programming will be 
skipped and if they differ, programming will be 
performed. Then, read out will be made again 
and compared with the programming data, and 
if they coincide, it will progress to the next 
address. 


START 
7 
x NS 
z ‘ 


re ; 
< Check Pin Contact 
N 
aN 
‘XN se 
‘ / 
NX 


\. 7 
Blank Check 






(e) Verify 

This function is for checking after programming 
completion whether or not the programming is 
correct when comparing withthe data in the 
internal RAM of the writer and it performes 
fail-stop when it does not coincide. Normally, 
when it fails, together with lighting of the fail 
lamp, the address and data are displayed. 


Address Set 











1s Programming 
Necessary? 





Is Readout OK? 






Is it the 
Final address? 


Address 
Increment 


(f) How to input the program 
There are the following methods for inputing 
the program data to the internal RAM of the 
writer. 


Programming & Erasing of PROMs 
Normally, paper tape input and teletypewriter 
input are options. 


Method 
Copy input 


Content 
Input by copying the master ROM. 


Input by the keyswitch of the front 
panel. Used for correction or 
revision of program 


Manual input 


Paper tape input | Read the paper tape furnished 
from the host system with the 


tape reader 


Teletypewriter Input with the teletypewriter. 

input Preparation, correction and list 
preparation of the program can be 
made. 


1.4 Handling of EPROM 

1.4.1 Malfunction caused by static charge 

There is a possibility of static charge generation on 
the glass window of*EPROM leading to malfunction 
of the LSI when the glass surface of EPROM is 
touched by charged human body or rubbed with 
plastic or dried cloth. Typical malfunctions are 
blank fail, write margin fail, etc., which look as If 
writing has been made in the LSI. This subject has 
already been mentioned at the international society 
on LSI reliability and the cause lies in the fact that a 
charge generates on the chip of LSI due to static 
charge on the window and this charge remains for a 
prolonged period. 

1.4.2 Regeneration method of charged LSI 

When EPROM is accidentally charged and the 
above-mentioned fail has occurred, the LSI can be 
completely regenerated to blank condition by irradi- 
ating with ultraviolet rays for erasing for a pre- 
scribed time. The charge remaining on the chip 
differs from that accumulated on the floating gate 
and normally, practically all charges are neutralized 
when ultraviolet rays of about 50 mW.s/cm? are 
irradiated. Therefore, when static charge fail occurs 
on EPROM in which the program has been written, 
it is possible to remove the residual charge on the 
chip surface without changing the programmed 
pattern by irradiating ultraviolet rays slightly (about 
5~ 10 seconds in case of 6.5 mW/cm7). However, 
since a slight amount of the charge stored in the 
floating gate will also be discharged in this case, it is 
necessary to take are not to apply an ‘‘overdose”’ of 
ultraviolet rays. 

1.4.3 Caution in handling 

Since the basic cause is the static charge on the 
window, its prevention is the most important 
measure in handling. This is the same as the normal 
IC electrostatic breakdown measures and the follow- 
ing methods exist. 
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Programming & Erasing of PROMs 


(1) Earth the operator’s body during operation. Do 
not use gloves, etc., which tend to generate 
static charge. 

(2) Do not rub the glass window with plastic, etc., 
which are easily cause static charge. 

(3) Take care as a slight amount of ion is some- 
times contained in the cooling medium spray. 

(4) Ultraviolet ray light shielding labels (particular- 
ly those containing conductive substances) are 
also effective from the standpoint of staitc 
electricity charge prevention. 


1.5 Light Shielding Labels 
1.5.1 Light shielding effect 
In case the data retaining characteristics is essential 
when EPROM is used in an environment where 
there is the possibility of exposure to ultraviolet 
rays, it is effective to paste a light shielding label 
having an ultraviolet ray absorption effect on the 
glass window. A special label for this purpose is 
being marketed, however, those containing metal 
are generally effective as they absorb ultraviolet 
rays. 1.4.2 Selection of light shielding label 
1.5.2 Selection of light shielding label 
In selecting a suitable light shielding label, it is 
necessary to take care about the following points 
besides the above-mentioned items. 
(1) Adhesive property (Mechanical strength) 
Care is necessary in case of reusing the label or 
adherence of dust as the bonding force is 
weakened. . 
Besides, when peeling off, the label may induce 
static charges that before using EPROMs, eras- 
ing-reprogramming or short time erasure will be 
recommended. 
(2) Permissible temperature range 
Labels have their own maximum ratings and the 
range of guarantee, as well as their degradation 
characteristics. Please check them before using 
them. 
(3) Moistureproofness 
Upon considering the above points, it is necessary to 
make suitable selection according to the usage 
purpose. | 
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2. PROGRAMMING OF BIPOLAR PROMS 


2.1 Programming System 

The storing system of the Bipolar PROM can be 
generally classified into 2 systems; the Blown diode 
system and fuse system. 

The fatter is a system in which the metal-made fuse 
is burned off by current (Fig. 5). In the former, 
Emitter-Base junction is short-circuited by Al, 
which has penetrated into Base because of current 


Open in 
Programming 


Bit Line 


Word Line 


Fig. 5 Fuse system 


2.2 Programming Method 

Programming is executed by the conventional pro- 
gramming equipment (PROM writer) using a board 
suited to the product. 

First, check if all bits are programmable (Blank 
check), next write the pattern you want to program 
one by one bit. At every application of current 
pulse, confirm that program is available by sensing 
output level. And when programming has been 
completed, apply additional pulse. This process 
should be performed for all bits into which you 
Want to write, and as you have completed program- 
ming, check (Verify) if you have programmed in the 
same pattern as you intended. If you do not find 
any mistake, programming has been completed. 

For Blank check, Sense and Verify whether output 
pin level is high (non-programmed) or low (pro- 
grammed) is checked by sense current (Is). Vs — Is 
characteristic of normal series and S series is shown 
in Fig. 8 and 9, respectively. Specified value of sense 
current (Is) of both normal series and S series is 20 
mA, and voltage reference level is 7.5 V. 


Fig. 10 and 11 show the relation between program 
Current and program pulse number necessary for 1 
bit to be written. With consideration of its influence 
on breakdown voltage, program current is specified 
as 130 mA in normal series and as 90 mA in S series. 





Programming & Erasing of PROMs 


pulse applied to E-B junction (Fig. 6). Generally, 
the blown diode type is considered to be more 
reliable. A grow back phenomenon, that is, migra- 
tion and recombination of the metal, is seen in fuse 
system. HITACHI devices use the blowin diode 
system. 


Short-circuit 
in Programming 


Bit Line 
Word Line 


Fig.6 Blown diode system 


a“ ~~ 
- a“ ~ 
~~ System Check ~~ 
< (check pin contact etc 
= 7 
~ 
™~s ”” aa 


Blank Check 


Apply Program Pulse 


ee 


One Bit Progammed 


Additional Pulse 


Every Bit Programmed 


Fig. 7 Programming Flow of PROM 
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Programming & Erasing of PROMs 


Non-programmed 
Memory Cell 
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Vref Specification 


Sense Voltage Vs (V) 


Programmed 
Memory Ceil 





5 ~=610 20 30 40 
Sense Current Is (mA) 


Fig. 8 Vs — Is Characteristic of Normal Series (HN25089) 
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103 


10? 


lw Specification 


x 


10 


Number of Program Pulse (Time) 





80 100 120 140 160 180 
Program Current Iw (mA) 


Fig. 10 Program Pulse — Iw Characteristic of Normal Series 
(HN25089) 


2.3 Programming Characteristics of Hitachi Bipolar 
PROM 

@ Smal! program current 

130 mA for normal series, and 90 mA for S series 

are required for programming. Therefore, there are 

few bad effects caused by breakdown voltage 

degradation and parasitic effects. 

@ Fast programming speed 


As seen in Fig. 10 and 11, program pulse for 1 bit. 


memory cell can be mostly written at one time. 
Consequently, the program time per device is quite 
short. In case of 8K bit, for example, only 2 or 3 
seconds at an average are required. 

@ High programming yield 

Unlike the MOS PROM, the Bipolar PROM cannot 
be rewritten, once it is written into the memory 
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Fig.9 Vs — Is Characteristic of S Series (HN25169S) 
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Fig. 11 Program Pulse — Iw Characteristic of S Series 
(HN25169S) 


cell. 


Therefore, it does not allow programming and 
inspection of the product prior to delivery. Due to 
this, sometimes a defective product (which does not 
allow programming) might be delivered. 

Generally, the programming efficiency percentage is 
90~95% when programming is performed on the 
user's side. Special tests such as actually performing 
Programming on the dummy cell in the chip, 
performing continuity test of all memory cells, etc., 
are made prior to delivery for minimizing the 
possiblity to deliver defective products. 





2.4 Programming 

There are two methods in the programming of 
PROM. That is, the method when programming is 
made by PROM manufacturer and delivered and the 
method when programming is made on the user’s 
side. Both these methods and procedures will be 
explained below. 

2.4.1 Programming performed by the PROM manu- 

facturer 

As shown in the drawing below, the manufacturer 
receives the program specification (specification 
designating the program pattern) from the user, 
performs writing (Programming) in accordance with 
the specification and performs delivery. In this case, 
a special writing fee is charged. 


Submittance of 
Program Specification 


Use. ee ee 
Manufacturer 


Delivery Upon 


Programming (Hitachi) 


2.4.2 Programming performed by user 

In this case, the following three items must be 

Prepared by the user. 

1 PROM WRITER (Main unit of programming 
equipment) 
One capable of being used in common with 
equivalent products of other companies. 

2 Performance board (Exclusive board designated 
by each manufacturer) 
Minimum of 1 board for Hitachi PROM. 

3 Sockets (sockets suited to product) 
Minimum of one socket per product. These 
sockets are purchased from the PROM WRITER 
manufacturer. 

The relationship among PROM WRITER manufac- 

turer, Hitachi and user is shown in Fig. 12. 





Programming & Erasing of PROMs 


Purchase of PROM 
WRITER, 
Performance Board 
(Hitachi Certified 
Item) and Socket 
(Hitachi 
Development Demand Certified Item). 
of Hitachi Exclusive 
Performance Board 


and Socket. 
Manufacture of Board 
Hitachi WRITER 
Manufactcrer’s Manufacturer 
Certification 


Fig. 12 Relationship among Hitachi, User and PROM 
WRITER manufacturer 


As indicated above, the user purchases the perform- 
ance board and sockets exclusively for Hitachi 
products together with purchasing the PROM 
WRITER. 


2.5 Programming Device | 

There are about ten programming device manufac- 

turers. However, this does not mean that any 

manufacturer’s device will suffice. The reasons are 
as follows. : 

@ {it costs several hundreds of thousands or several 
million yen to have a programming device manu- 
facturer develop a dedicated board for Hitachi 
and to qualify it. 

@ The suitability of the programming device affects 
the programming efficiency. Therefore, it should 
be a device of a reliable manufacturer. 

@ The servicing setup for handling troubles should 
be consolidated. The setup should be ‘one that 
judgement can be accurately made on whether it 
is a writing device trouble or PROM trouble. 

Hitachi has prepared a list of recommended manu- 

facturers which meet the above requirements. Please 

contact our sales engineering staff for information 
in this regard. 
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M@ MASK ROM PROGRAMMING INSTRUCTION 


The writing of the custom program code into the 
mask ROM is performed by the CAD system using a 
large-sized computer. You should submit the data of 
the ROM code in conformity with the specification 
explained below by either paper tape, EPROM or 
magnetic tape. In addition, enter your instructions 
such as the chip select, customer part number, etc., 
in the “ROM Specification Identification Sheet’ 
and attach it to the ROM code data. 

1. Overall Specification 

Since the submitted paper tape, card or magnetic 


tape is fed into the large-size computer as it is, 
observe the following specifications. 


1.1 Specification of Paper Tape 

1.1.1 Any color paper tape may be used as long as 
it is a marketed 1 inch wide paper tape for 
computers. However, a black color paper tape is 
recommended. 

1.1.2 Take more than 600 frames for the leader and 
trailer. 


(ooo m cMicM ol cmcMciolecmeomel (ceMeMemcMomemeMcicMecMomeMeMeMeMeoMeMeMeolloMeMecMeoMeMeMe i) 





(More Than 600 Frames) 
1.1.3 Parity mode 
The presence and type of parity are clearly de- 
scribed in the “ROM Specification Identification 
Sheet”. 
There are following modes in the parity system. 
(1) With parity 
Even parity ...........- 
Odd parity ..........4.. ODD 
(2) Without parity | 
1.1.4 Use the 8 unit ASC11 code as the code. 


1.2 Specification of Magnetic Tape 

1.2.1 Use the following type of magnetic tape 
which can be netered in a magnetic tape device 
which is compatible with the IBM magnetic tape 
device. 


(1) Length .... 2,400 feet, 1,200 feet or 600 ffet 
(2) WNIGUY + 6.o-Gan tae mieth se aawine Wee sles 1/2 inch 
13) “Ghanne |: secon 2 ea aie aaa oe ed 9 channels 


(4) Bit density 800 BP! or 1,600BP! (Clear- 
ly state which it is in the 
“ROM Specification Inden- 
tification Sheet’’.) 

1.2.2 Use the EBCDIC code as the use code. 

1.2.3 Make the format of the magnetic tape as de- 
scribed below. 

(1) No leading tape mark 


(2) No label 
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(More Than 600 Frames) 
(3) Record size ............. 80 byte/1 record 
(4) Block size ............. 10 records/1 block 
(5) The end of the file should be indicated by 2 
successive tape marks (TM). 
1.2.4 Ensure that the magnetic tape becomes of 1 
roll for each chip. Since extending the single-chip 
portion over several rools is impermissible, submit 
by compiling into the single-chip portion for each 
roll. 


2. Data Mode 

2.1 HMCS6800 Load Module Mode 

This mode is the object mode output from the 

assembler of HMCS6800. 

2.1.1 Divide the 8 bit code into the upper and 

lower 4 bit codes and convert each into hexadecimal 

notation. 

(Example) The code of 1100 0110 becomes as 
follows under binary notation. 


(Upper 4 bits) (Lower 4 bits) 


Bit weight 
D, D, D, D, D, D, D, D, (ROM output 
11 0 0 0 1 1 0 equivalence) 


2.1.2 The composition of the load module mode is 
shown below by taking the case of paper tape as the 
example. The numbers written in the tape are ASCII 
code hexadecimal numbers of the data. 


TIT = 
0 
: 


Frame 


a 


Max. 70 frame 


Byte count 


Check sum 


Mask ROM Programming Instruction 


Leader(NULLS) 


{CR} 

‘LF 

(NULLI4 

S = Head of Record 
CC= Type of Record 


Byte Count 


2 Frames = 1 Byte 


Address Size 


Data 


Data 


Check Sum 





(Note) The check sum is a technique which disregards the complement on one of each bit sum of the 8 bits. 


2.1.3 The actual load module mode becomes as 
shown below. 
































CC=30 
Header 
record 
Frame 
1 Record Start S 
2 Record Type 0 
, Byte Count 0 6 
5 3 0 
° 3 0 0000 
7 Address Size 3 0 
8 3 0 
9 3 4 
10 Data 48-H 
3. 4 
Dat = 
3. «5 
Data 52-R 
Chek Sum 3-1) 1B (Check Sum }) 
N 4 2 








SO indicates the head of the file and $9 indicates the 
end of the file. The actual data enters following S1. 
it means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 
compared with the next data recorder address by 


Example 





CC=31 CC=39 
Data End of 
record file record 















































NS) 5 3 $ 
3 
3.0 
0 3 
° 
3. 0 
3 (0 
0000 
1100 3 0 
3.0 
4 3 ‘Sum } 








1 
A8 (Check Sum ) 





counting in increments of 1 byte of the data and 
checking whether it is sequential or not. In places 
where the address is skipped, the data of 00 or FF 
enters hexadecimally. The printed example of the 
paper tape of the HMCS6800 load module mode is 
as shown below. 


Header Record ~S00B000058204558414D504CB5 


Data Record 


Data Record 
End of 


File Record —-S9030000FC 


—-SlLI3F0007EF5587EF7897EFAA77EF9CO7EF9OC47E24 


=SLI2ZFOLOFAGS7TEFASB7EFAAO07EFO9DCTEFAZ47 E06 
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Mask ROM Programming Instruction 


2.1.4 The ROM code data are capable of handling 
the following 4 types of cases. A header recorder is 
required in front of the data recorder and an end of 
file recorder at the back of the data recorder. 
(1) Case when the data reaches full capacity of 
ROM 
The ROM recorder for 1 chip enters into the data 
recorder. Since the address of the address size of the 
data recorder counts the data and 
checks whether or not it is in 
a sequential address, it becomes 
necessary that the address not be 
skipped. The ROM head address 
column of the “ROM Specific- 
a ation Identification Sheet’’ beco- 
mes 0. 
(2) Case when data is input from en route of ROM 
In this case, perform entry by 
decimal notation in the ROM 
head address column of the 
“ROM Specification Identifica- 
tion Sheet’ on which ROM 
address you wish to input the 
data. The data 00 or FF will 
enter into the blank address by 
hexadecimal notation. 





Blank 
(00 or FF) 









,e) 
OO000000 O 
O000000 O 







0000 O 


2.2 BNPF Mode 

2.2.1 One word is symbolized by the word start 
mark B, the bit content represented by 8 characters 
of P and N, and the BNPF slice composed of 
successive 10 characters of the work end mark F. 
2.2.2 The contents from F of one BNPF slice up to 
B of the next BNPF slice are ignored. 


(Example) The code of OF by hexadecimal nota- 


tion is symbolized as shown below (in 

| case of paper tape) 
2.2.3 It is necessary to designate the bit pattern 
(BNPF slice) on all ROM addresses. Therefore, the 
term of the ROM head address of ‘““ROM Specifica- 
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(3) Case when data is input by skipping inter- 
mediate address 

The address of the address size 
of the data recorder is counted 
in increments of 1 byte of the 
data, compared with the next 
address of the data recorder and 
checked whether or not it is 
sequential. The data 00 automat- 
ically enters by hexadecimal 
notation into the ROM code of 
the skipped address. Therefore, 
the writing of data as in the 
following drawing is also possi- 
ble. In this case, perform entry 
into the “ROM Specification 
Identification Sheet’’ that the 
ROM head address enters from 0 
address for data | and from 
which address it enters for data 
Il. 

(4) Case when the data is less than the full capacity 

of ROM 






SN 


Data 1 
LL 


Blank 
(00 or FF) 


GEE 





In case the data volume is less 
than the total byte capacity of 
ROM LS! when the end of file 
recorder appears, it becomes 
oe a written as the ROM code as 
shown in the following drawing. 
(Example) Indicates the example of the paper tape 
when the data recorder is $1141920B6- 

FC... 





e00o00ec00oe9O OC O00 Co a0 000 


tion Identification Sheet’’ always becomes 0. 


B Sggiee-eacad ea eer Indicates start of 1 word. 
Ni witdiome 2638 a0 Indicates ‘0”’ of 1 bit data. 
Pie gobeetasdacoe Indicates “1” of 1 bit data. 
 ccashcea araits canes Indicates end or 1 word. 








00000 ‘eo 
O000 .) 





0000 
o000 


OODD000000 


eT 


B ON 
Dr Ds Ds Da Ds De Di Do 


Note 1) Sometimes X is used besides P and N in the 

display of the word content by the BNPF 
slice. 
X means that the user is not concerned 
whether the bit is P or N. However, since it 
is necessary to decide the P or N for 
performing tests, Hitachi performs selec- 
tion of P or N. The results are informed by 
making entry in the identification table. 

Note 2) The contents of the BNPF slice are not 

only those with the continuation of PN 
and the form of B*nF can also be used. 
This means that the content of the slice 
existing just prior to this word will be 
repeated for n words from this word. 
For example, when B*4F exists at the 10th 
word, it means that the content of the 9th 
word will be repeated in the 10th, 11th, 
12th and 13th words. (However, it does 
not necessarily follow that the X content 
of Note 1 above will be repeated.) n shall 
start from 1 and be a number below the 
total addresses of ROM. 

Note 3) When a certain block is not used (when an 
unused ROM address exists), disposition 
can be made by utilizing Notes 1 and 2. 


COD0DDDDDDDODACOCNOOCNCOCAC OO OOOOOOOC ONO 0090 





Mask ROM Programming Instruction 









Mask ROM Development Flowchart 


ROM Code “Customer 
Part Number" 
Chip Select 


Select Either eet Other 
of the three nf ormation 


Output With 


Mask Preparation 
Instruction 


Mask Preparation 


Investion 


Mass Production 
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HM472114A-1,nM472114A-2° 
HM4 72114 AP-1,niM4 72114 AP-2 


1024-word x 4-bit Static Random Access Memory 





@ Fast Access Time ............. HM472114A-1 150ns (max.) HM472114A-1, HM472114A-2 
HM472114A-2 200ns (max.) 

@ Low Operating Power ................20000. 200mW (typ.) 

@ Single +5V Supply 

® Completely Static Memory .... No Clock or Refresh Required 

@ Fully TTL Compatible ................. All Inputs and Outp 

@ Common Data Input and Output Using Three-state Outputs 

@ N-channel Si Gate MOS Technology 

@ Pin Equivalent with Intel 2114L Series 





MBLOCK DIAGRAM 
HM472114AP-1, HM472114AP-2 











A.O > Seaaeee 
Aso Pe PRES ——o Vee 
AsO ee a | Row Memory Matrix 9 GND 
ioe s Decoder 64X64 
Red 
As 0 > ae 
Asc D> ere 
{/O, O ee - —— 
| — Colunm 170 
1/Q2 © >. Input 










> ate 
TW 


Data 





1/Q3 0 Control 





: MIPIN ARRANGEMENT 
MRABSOLUTE MAXIMUM RATINGS 


Terminal Voltage* V 
Power Dissipation 
Operating Temperature 
Storage Temperature (Ceramic) 
Storage Temperature (Plastic) 


* In respect to GND. 





(Top View) 


GA};ala]s=s 


MERECOMMENDED OPERATING CONDITIONS 


V 
Input Voltage 
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HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2 


MIDC AND OPERATING ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 


Input Leakage Current Vi.z=0~5.5V Se a BA 

Supply Current Vin=5.5V, Irom OmA ) = | 35 | Gt] mA 

ee i eee eee ee ee 
ae = a DR 

arma. tna (Vecna.tevy [a | = 


Note) * : in respect to HM472114A/AP-2, This value of HM472114A/AP-1 is 70mA. 


MICAPACITANCE (Ta=25°C, f=1MHz) 


[Symict [Tew Condon «dn 
chee a nae lee 
On ieee) 


MAC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 





















Input Capacitance 


I/O Capacitance 


Input Level «+e eee eee eee een ee tee eee eee 2.4V, 0.8V 
Input Rise and Fall Time «+--+ eee eee eee eees 10ns 

Timing Measurement Level ---:+sserteereres 1.5V 

Output Load re ee 1 TTL + 100pF 


@READ CYCLE 


Item 


max 


HM472114A-1 HM472114A-2 
Symbol Unit 


- RYH LLL. 


toThn * y 


(TSHDQZ) 


ta(TACAIS 


™ LK IR 


NOTE: 1) top defines the time at which the outputs achieve the open 
circuit condition and is not referenced to output voltage levels. 
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HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2 


@WRITE CYCLE 


Item 


Write Cycle Time 

Address to Write Setup Time 
Write Pulse Width 

Write Release Time 

Output 3-state from Write 
Data to Write Time Overlap 


Data Hold from Write Time 


HM472114A-1 


HM472114A-2 
Symbol 


12 


torw 


twe 
law 
tw 

tow 


— 


2 


oS 






wwe TClA)) 
ea )*3 
aa tw(TW(W)) 7) 
a Wy 
torw * 6 
(TWLDQZ) 
SSSSSSSNANNAN 


“DLL LL LLL 


NOTE: 





iow 
5 (TS(DQ)) 


Y 


ton 
(TH(DQ)) °5 


1) A WRITE state occurs during the overlap of a low CS and low WE (ty). 
2) taw is measured from the address setting to the latter of CS or WE going low. 
3) twr is measured from the earlier of CS or WE going high to the end of the 


write cycle. 


4) During this period I/O pins are in the output state, the input signals of oppo- 
site phase to the outputs must not be applied to them. 

5) If CS is low during this period, I/O pins are in the output state. Then the input 
signals of opposite phase to the outputs must not be applied to them. 

6) totw defines the time at which the outputs achieve the open circuit condition 
and is not referenced to output voltage levels. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 


ns 


Access Time( Normalized) 


Access Time (Normalized) 


Output Source Current Iox (mA) 








HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 











3 
z 
= 
te 
2 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
ACCESS TIME SUPPLY CURRENT 
vs. OUTPUT LOAD CAPACITANCE vs. AMBIENT TEMPERATURE 
E 
2 
7 
Output Load CapacitanceCz (pF) Ambient Temperature Ta (°C) 
OUTPUT SOURCE CURRENT OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE 
6 : 
5 
x 
& 
4 S 
3 = 
Oo 
: 
8 
1 
0 
0 1 2 3 4 5 
Output Voltage Vou (V) Output Voltage Vor (V) 
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HM4-72114-3,HM472114-4 
HM472114P-3,HM472114P-4 


1024-word < 4-bit Static Random Access Memory 


@ Access Time ..........0.ceeees HM472114-3 300ns (max.) 
HM472114-4 450ns (max.) HM472114-3, HM472114-4 

@ Low Operating Power ............. 000 cee eae 200mW (typ.) 

e Single +5V Supply Voltage 

@ Completely Static Memory .... No Clock of Refresh Required 

e@ Directly TTL Compatible ..... git aebate All Inputs and Outputs 

@ Common Data Inputs and Output 

@ Three-state Outputs 

@ DC Standby Mode ................ 0. cee ee Reduces Vcc 

@ N-channel Si Gate MOS Technology 

@ Interchangeable with Intel 2114L Series 


HIBLOCK DIAGRAM 
HM472114P-3, HM472114P~4 





ao > aes) 
Al O ee | ~~ oO Vec 
Az © > aaa Row Memory Matrix ——o GND 
AsO So peceder a 64 X64 
Aco poet 

1/01 


——— Column 1/0 


Column Decoder 





1/02 


1/Os 





1/Oa 


HEPIN ARRANGEMENT 


MABSOLUTE MAXIMUM RATINGS 


ere 

Power Dissipation ere W 
Operating Temperature | Tr =f Oto +70 | < 

| Bae | ‘ 
[Tu c 


Terminal Voltage 


Storage Temperature (Ceramic) 


—65 to +150 
—55 to +125 


MERECOMMENDED DC OPERATING one ene (Top View) 


Storage Temperature (Plastic) 





Supply Voltage 


Input Voltage 


Operating Temperature 
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HM4 7 2114-3, HM472114-4, HM472114P-3, HM472114P-4 


MDC AND OPERATING ELECTRICAL CHARACTERISTICS (Vcc=5V110%, Ta=0~+70°C ) 


ren nana F 
els eee ase eee ti 
Ee 

Tow =0.6mA, Veoma.sv | at | = T= 

Tou —1.0mA, Voo=4.78V a a 


BECAPACITANCE (Ta=25°C, f=1MHz) 





Vit 
Vin 
Vor 
Output Voltage 

Vou 


Input Capacitance 





I/O Capacitance 


MIAC ELECTRICAL CHARACTERISTICS (Vcc=5V410%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Level ---- eee ce eww eee cree te newness 2.4V, 0.8V 

Input Rise and Fall Time -- +++ esses eee eens 10ns 

Timing Measurement Level ---+--+ ++ +eeeee eens 1.5V 

Output LSA eee e Te ate iis hk ae eh te a rae kee 1TTL and 100pF 
@READ CYCLE 


HM472114-3, HM472114P-3 | HM472114-4, HM472114P-4 
Item Symbol =a Unit 


pmax | min 
Read Cycle Time tre 300 Sa ns 
CS to Output Valid tco Fo | 100 ae 120 ns 
eye a ae i a oe ee 
Output 3-state from Deselection Fo tor fl 100 ns 
Output Hold from Address Change | tom fs ns 


Address aaa 


QD 
”n 


tca toTp 
| 


tex toHA 


“ KK 


ts 


WE 


NOTE: 1) torp defines the time at which the outputs achieve the open 
circuit condition and is not referenced to output voltage levels. 
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HM472114-3, HM472114-4, HM472114P-3, HM472114P-4 


MWRITE CYCLE 


Item 


Write Cycle Time 

Address to Write Setup Time 
Write Pulse Width 

Write Release Time 

Output 3-state from Write 
Data to Write Time Overlap 


Data Hold from Write Time 


Address 


Dout 


Din 


Notes: 
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HM472114-3, HM472114P-3 | HM472114-4, HM472114P-4 
Symbol 


t 


~~ 
fo) 
4 
= 


twe 

aw 
tow 
tox 


iwe 


tw? 


MOON WILLLLL/, 


tan?! 


Ss eaeae 
sacaaeies 


5) 





5} 


1) Both CS and WE are paced in the WRITE state during low level 
period (ty). 

2) taw is an interval from the address setting through the catter of 
CS or WE going low. 

3) twr is from the earlier rise pulse of CS or WE till the end of the 
write cycle (tw). 

4) During this period the pulse is output state so that the input signal 
which is the opposit phase to the output must not be applied to 
the I/O terminal. 

5) During this period, when the CS signal is at low level, the pulse is 
output so that the input signal which is the same in phase with the 
output data may be applied, if required. Do not however apply the 
input signal of reverse phase. 

6) torw defines the time at which the outputs achieve the open 
circuit condition and is not referenced to output voltage levels. 


— 
oS 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM4334-3,HM4334-4 
HM4334P-3,HM4334P-4 


1024-word < 4-bit Static CMOS RAM 


MFEATURES 
@ Single 5V Supply 
@ Low Power Standby and 
Low Power Operation; 
@ Access Time; HM4334/P-3: 300 ns (max.) 
HM4334/P-4: 450 ns (max.) 
@ Directly TTL Compatible: All inputs and outputs 
Common Data Input and Output using Three-state Outputs 
@ On Chip Address Register 


HM 4334-3, HM4334-4 


10uW (typ.) 
20mW (typ.) 
(5V+5%) 
(5V+10%) 


Standby: 
Operation: 


MBLOCK DIAGRAM 
HM4334P-3, HM4334P-4 


$b 
Latched Memory 
Address Matrix 
Register 4 X 64 


————OGNL 


i Latched 
Address 


Register 





MPIN ARRANGEMENT 





MABSOLUTE MAXIMUM RATINGS 


Item 
Voltage On Any Pin* 
Power Supply Voltage* 
Power Dissipation 


Operating Temperature 


Storage Temperature (Plastic) 


Storage Temperature (Cerdip) 


* with respect to GND 


AO1aO;a}lel< 
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 


HIRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


HM 4334 /P -3 HM 4334/P -4 
Symbol 


Item 


iG 
: 
SS 
3 
9 
* 


Supply Voltage 


Input Voltage 


HMIDC AND OPERATING CHARACTERISTICS 
(Ta=0 to +70°C, GND=0OV, HM4334/P-3 : Vec=5V+5%, HM4334/P-4 : Vec=5V+10%) 


Item Symbol Test Condition 


Input Leakage Current Les 
Output Leakage Current Ito CE= Viz, Vow=0 to Vec —1.0 


Tec CE=O0V, Vin= Vec, I1,o=0 


min | 
Bey 
210) 
| 
Iece | CE=0.8V, Vin=2.4V, fr0=0 | | 
ae 
ae 
aa 
mea 


typ 


Operating Power Supply Current 


Average Operating Current Ices 
Standby Power Supply Current Teer 


MECAPACITANCE (Ta=25°C, f=1MHz) 


Item Symbol 
1/0 Terminal Capacitance Ciro 
Input Capacitance Cn 


MAC CHARACTERISTICS 
(Ta=0 to +70°C, GND=OV, HM4334/P-3 : Vec=5V+5%, HM4334/P-4 : Vec=5V+10%) 


00 


Vo. 
Output Voltage 
Vou 





Read or Write Cycle Time* ee ee Os 
Write Enable Output Disable Time | TWLQZ | torre | — | — | 10 | — | — | 100 | 
Chip Enable Precharge Time vo | — | — | 150 | — | — | 
Address Hold Time | HOSTS ea Os see ee | 
Address Setup Time fs PAVEEDS tes es 208] | eee a 
Read Setup Time i ee a i ee eee ee 
_WE to CE Precharge Lead Time 7 i i ea ee 
Chip Enable to Write Enable Delay Time | TELWL | tewo | 300 | — | — | 40 | — [| -— 
Write Enable Hold Time EWE |) Fie Os See Se 
Data Input Setup Time ee | 200 p= | =| 350 P= [= 
memes ef | P= =| fp = 
Chip Enable Rise/Fall Time ee re De ee Oe ee ee 


* TELEL(tc) =TELEH(tce)+TEHEL(tp) +2, (20ns) +t,;(20ns) 
*%* For Read Modify Write Cycle, TELEH (tce) =TELWL(icwo) +TWLEH (twet) +t;(20ns) 
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Unit 


<|<;<1< 


Unit 
pF 
pF 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 


HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 


MAC TEST CONDITIONS 


Input Level «.- ee eee cee ee eee et eee tenes 2.4V,0.8V 

Input Rise and Fall Time .-.....--- +e seen eens 20ns 

Timing Measurement Level... ...- ++ ee eee eee 2.4V, 0.8V 

Reference Level «3.06666 ke os ee Me eee ws VOH = 2.0V, VoL = 0.8V 
Output Load... 1 ee eee eee eee ee eee ees 1 TTL and Cy. = 100 pF 


READ CYCLE 
° meme XXM vat ado KOA BERT ABD 


TELEL(tc) 
TAVEL 
(tas) 
CE Lo ee 


TWHEL 
(tas) 
TEHWL{ tru) 


i), AYN 


TEHQZ(torri 
HIGH-Z #\/\/\A HIGH-Z 
V/0 KK VALID DATA OUTPUT —) 






TELQX(icx) 


Note) *; TEHQZ (torr,) defines the time at which the outputs 
- achieve the open circuit condition and is not referenced to 


@WRITE CYCLE output voltage levels. 
wom SRY aw KERR 
TELEL (tc) 
ek TELEH(tce) TEHEL(te) 
CE 


TELWH (twx) 





WLLL LLL 


TWHDX 
TEHDX (2px) 





TDVWH 
TDVEH( tps) 


1/0 Ghee ( VALID-DATA INPUT h—HIGHR2Z 


Note) tpg and tpzy are measured from the earlier of CE or WE going high. 
@®READ MODIFY WRITE CYCLE 


wemme KOM va 200 BOO) 
rs 


TELEL(tc) 


TAVEL 
(tas) TELEH(tce) ‘| | TEHEL(tp) 





CE 
TWHEL 
(tres) 


ay 


TEHWH({ tewn) 


ar 






TELQV( tac) 





TWLDV( twos) 


DATA OUT }) 


*; TWLQZ (torr, ) defines the time at which the outputs achieve 
the open circuit condition and is not referenced to output 
voltage levels. 






TELQX(tcx) 







7 HIGH-Z AVAVAN, 
’ WT AVAVA 


od 
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 


@CURRENT WAVEFORM 


i, oe samees, ae 


30 


Icc(mA) 20 


{NOTE] Vec =5.0V, Ta = 25°C 
MILOW Vic DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


Peas ee ree 
Data Retention Power Supply Current Iccor Vor=3.0V | = | 05 | 50 | BA 


* trc=Read Cycle Time 


@LOW Vcc DATA RETENTION TIMING 


DATA RETENTION MODE 





Supply Current(Stand By) Icce (Normalized) 





Supply voltage Veo (V) Ambient Temperature Ta (°C) 


56 


Access Time( Normalized ) 


Average Supply Current Icc3 (mA) 


Input Voltage {V) 


ACCESS TIME vs. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


AVERAGE SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





4.0 5.0 6.0 
Supply Voltage Vcc (V) 


INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Access Time{ Normalized) 





Ambient Temperature Ta (°C) 


AVERAGE SUPPLY CURRENT 
vs, AMBIENT TEMPERATURE. 


Iec3 (mA) 


Average Supply Current 





Ambient Temperature Ta (‘C) 


INPUT VOLTAGE 
vs. AMBIENT TEMPERATURE 


Input Voltage (V) 





Ambient Temperature Ta (°C) 
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HM4334P-3L,HiM4334P-4U” 


1024-word x 4-bit Static CMOS RAM 


MIFEATURES 

@ Single 5V Supply 

@ Low Power Standby and 

Low Power Operation; 

@ Fast Access Time; HM4334P-3L: 300ns (max.) 
HM4334P-4L: 450 ns (max.) 

@ Directly TTL Compatible: All inputs and outputs 

Common Data Input and Output using Three-state Outputs 

@ On Chip Address Register 


Standby: 
Operation: 


10uW (typ.) 
20mW (typ.) 
(5V+5%) 
(5V+10%) 


MIBLOCK DIAGRAM 


Aso 
Aso 
Aso Latched 
Are Address 


Register 


MABSOLUTE MAXIMUM RATINGS 


Item 
Voltage On Any Pin* 
Power Supply Voltage* 
Power Dissipation 
Operating Temperature 
Storage Temperature 


* with respect to GND 





MIPIN ARRANGEMENT 


Memory 
Matrix 
4X 64 


i Latched 
Address 


Register 


CE 


(Top View) 


—0.3 to +7.0 V 
os ae 
: 


MJRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Item 


Supply Voltage 


Input Voltage 
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HM4334P-3L HM 4334P-4L 
Symbol 
| min | te 


as Oe 
eo [oe [a 
Tm. [a | = 








Unit 


<|</<]< 


HM4334P-3L, HM4334P-4L 


MDC AND OPERATING CHARACTERISTICS 
(Ta=0 to +70°C, GND=OV, HM4334P-3L : Vec=5V+5%, HM4334P-4L : Vec=5V410%) 


Simtel | yp 
Input Leakage Current Vin=0 to Vec }=-1.0; — | +1.0° HA 
Output Leakage Current CE=Vin, Vour=0 to Vec }-1.0] — | +1.0| BA 
a rr 


MECAPACITANCE (Ta=25°C, f=1MHz) 





Input Capacitance Vin =O0V 


MBAC CHARACTERISTICS 
(Ta=0 to +70°C, GND=OV, HM4334P-3L ! Vec=5V+5%, HM4334P-4L : Vec=5V+10%) 


HM4334P-3L HM 4334P-41L 
Unit 


Item Symbol 


Read or Write Cycle Time* TELEL 
Chip Enable Access Time TELQV 
Chip Enable to Output Active TELQX 
Output 3-state from Deselection TEHQZ 
Write Enable Output Disable Time TWLQZ 
Chip Enable Pulse Width** TELEH 
Chip Enable Precharge Time TEHEL 
Address Hold Time TELAX 
Address Setup Time TAVEL 
Read Setup Time TWHEL 
Read Hold Time TEHWL 
Write Enable Setup Time TWLEL 
WE to CE Precharge Lead Time TWLEH 
Chip Enable to Write Enable Delay Time | TELWL 
Write Enable Hold Time TEHWH 
Write Hold Time TELWH 


= 
wn 


= 
n 


AC 


= 
wn 


CX 


=] 
w 


torri 


torre 


= 
149) 


CE 


Loe 


i 
wn 


= 


3 
wn 


AH 


ro) 
wn 


AS 


| 
n 


=) 
wn 


RS 


s 
n 


3 
i) 


Serres 


(ee) 
i=) 
fa) 


twey 


io] 
wn 


town 


lewn ns 


oo 


00 


ns 


WH 


TDVWH 
Data Input Setup Time TDVEH 
TWHDX 


Data Hold Time TEHDX 


ns 


wn 


—_ 
fm] 
low] 


Write Data Delay Time TWLDV ns 
Chip Enable Rise/Fall Time 


* TELEL (tc) =TELEH (tce) +TEHEL (tp) +#, (20ns) +2t;(20ns) 
*%* For Read Modify Write Cycle, TELEH (tce)=TELWL (tcwo) + TWLEH (twez) +2/(20ns) 


twos 


| 
J 


300 ns 


oH ~ 
| 
bo 
oS 
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HM4334P-3L, HM4334P-4L 


WAC TEST CONDITIONS 


lMOdt Level’ 444 seen esse ewriees weaned 2.4V, 0.8V 
Input Rise and Fall Time ....-... eee e eens 20ns 
Timing Measurement Level ......-+--e eee eee 2.4V, 0.8V 
Reference Level... .- ecu e rect cece e nee eeee VOH = 2.0V, VoL = 0.8V 
Output Load «4-46 ds0edtewes et etiwseriaiva 1 TTL and C, = 100pF 
@READ CYCLE VY VYYVVVY VV V VV VY VY 
mae XK vatio avo.) AA XK KAA? diabetes 
il TELEH(tce) _) [TEHEL(e) 
CE 
TWHEL 
(trs) 
TEHWL( tea) 
: | 
a /// A 





TELQX(tcx) TEHQZ(torr) *! 


1/0 HIGH=2Z OX VALID DATA ouTPUT =) ued i 


NOTE) *:TEHQz (torr, ) defines the time at which the outputs achieve the 
open circuit condition and is not referenced to outputs voltage level. 


@®WRITE CYCLE 


Rap 00, MEIN VUANUNNNUNNNN Cte 


TELAX(taw) 








TELEL(tc) 
PANEL TELEH(tce) TEHEL(t?) 
(tas) 
CE 
' 
TWLEL | 
(tws) TELWH(twn) 
z \\\ WILL LLL. 
TDVWH TWHDX 
TDVEH(tos) TEHDX (ton) 


1/0 HICH 2 ( VALID DATA INPUT pa 


NOTE) tpg and tpy are measured from the earlier of CE or WE going 
high. 
@READ MODIFY WRITE CYCLE 


TELEL(tc) 





TELEH(tce) 








NOTE) *: TwLoz (torr,) defines the time at which the outputs achieve the 
open circuit condition and is not referenced to output voltage levels. 


HM4334P-3L, HM4334P-4L 


@CURRENT WAVEFORM 


CE \ / \ 
30 


Icc(mA) 20 


10 


[NOTE] Vec = 5.0V, Ta = 25°C 


MLOW Vc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


Data Retention Power Supply Current | fecon | Voem=3.0V = = = | — | 08 | 10 | HA 
Chip Deselection to Data Retention Time | fee. Po | ns 


* trc=Read Cycle Time 


@LOW Vic DATA RETENTION TIMING 


DATA RETENTION MODE 


Vec 
GME? atm Sy a aaa a eR a ge As gee ge eae ge a Bes 
LCDR tr 
DAG a i ee it ae ee ee ees pees ee oes a 
a aa rata a ee ee ee 
CE2 Vec—0.2V 
CE 
OVE da os ga saa seo ca are pete ee Ge er 
SUPPLY CURRENT (Standby) SUPPLY CURRENT (Standby) 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


10 


Supply Current(Stand By) Icce 
Supply Current(Stand By) Iccz 
5 





Supply Voltage Vee (¥) Ambient Temperature Ta (°C) 


6] 


HM4334P-3L, HM4334P-4L 
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ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Access Time(Normalized) 
Access Time( Normalized ) 





Supply Voltage Vcc {V) Ambient Temperature Ta (‘C) 


AVERAGE SUPPLY CURRENT AVERAGE SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Average Supply Current Icc (mA) 


Average Supply Current Icc (mA) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


INPUT VOLTAGE INPUT VOLTAGE 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 
2.5 


2.0 


aes 
ns | 
— 


a=25°C 


Input Voltage (V) 
Input Voltage (V) 


0.5 





Ambient Temperature Ta (‘C) 
Supply Voltage Vcc (V) 





HM6148, HM6148-¢6”— 
HM6148P, iM6148P-6 


1024-word < 4-bit High Speed CMOS RAM 





MFEATURES HM6148, HM6148-6 
@ Single 5V Supply 
@ Fast Access Time ................ HM6148/P 70 ns (max.) 
HM6148/P-6 85 ns (max.) 

@ Low Power Standby and Standby: 100uW (typ) 

Low Power Operation: Operation: 200mW (typ) 
@ Completely Static RAM; No Clock or Timing Strobe Required 
@ No Peak Power-On Current 
@ No Change of tacs with Short Deselected Time 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible; All Inputs and Outputs 
@ Three State Output 
@ Common Data Input and Output HM6148P, HM6148P-6 
@ Pin-Out Compatible with Intel 2148 


MIBLOCK DIAGRAM 


















Asc >» SR 
Aso > ae ~——© Vec 
Aco > aie igi Memory Matrix —=—o GND 
Decoder 64X64 
A70 > ae 
Ave o> Lael 
Aso p> Sam 
—z Column I Q. 
1/0 MIPIN ARRANGEMENT 
= 
Data 
1/O3 © Control 


mungnan 





MIABSOLUTE MAXIMUM RATINGS 


Terminal! Voltage* Vv 
Power Dissipation W 
Operating Temperature Cc 
Storage Temperature (Plastic) c 
c 

C 





(Top View) 


Storage Temperature (Cerdip) —65 to +150 
Storage Temperature** —10 to +85 


* with respect to GND. A ~—1.0V (Pulse Width = 50ns) 
** Under Bias 


MITRUTH TABLE 


cs WE Mode Reference Cycle 
Read Cycle 


QO 


rye 
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HM6148, HM6148-6, HM6148P, HM6148P-6 — 


MIRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Item Symbol 


ree a ek ee ee 
pattie Ge Oe | 


Unit 


i 
QO 


< 


Vin 


Input Voltage 
p 4 Vit 


<[<ap< 


* Vir min=—1.0V (Pulse width=50ns) 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=OV, Ta=0 to +70°C) 


Input Leakage Current | Tur | 
Output Leakage Current | Io | CS=Vin, Vizo=GND to Vec 

Operating Power Supply Current ace 
Average Operating Current Icc2** 


Standby Power Supply Current 


CS2Vec—0.2V, VinS0.2V or Via=Vec—0.2V 





Isa 
Vo Tor =8mA 


Output Voltage 
Vou Ion =—3.2mA 


Notes) ™* Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 
*%* Reference only. 





i [8 | felels |= 
- oO 
mem | 


HECAPACITANCE (Ta=25°C, f=1MHz) 


Input Capacitance Cis Via=OV 


Input/Output Capacitance Ciro 


Note) This parameter is sampled and not 100% tested. 





MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C, unless otherwise noted) 
@AC TEST CONDITIONS 


Input Pulse Levels «sever cect reer serreersesesvens GND to 3.0V 
Input Rise and Fall Times ... 2.0.0. e ever ene ee eee eees 10ns 
Input and Output Timing Reference Levels...-....-.--+-. 1.5V 
OUusUt EOad soa. t 2 toe es eo tam pede ee ee Ae ee See Figure 1 
Load Circuit(A) vec Load Circuit (B) . 
cc 
510Q 510 
D * includes probe and Dout 
sa jig capacitance sate SpF 
3300 30pF * : 
Fig. 1 | 


MIREAD CYCLE 


HM6148/P HM6148/P-6 


Address Access Time [oor oe es 
Output Hold from Address Change a ee ee ee ee ee ee ns 
Chip Selection to Output in Low Z* a ee ee ee ee ns 
Chip Deselection to Output in High Z* ee a ee ee ee ee ee ee ee ns 
Chip Selection to Power Up Time as ae ee ee ee ee ee eee ns 


* Transition is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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typ* max Unit 


HA 
HA 
mA 
mA 
mA 
mA 
KA 


HM6148, HM6148-6, HM6148P, HM6148P-6 


MIWRITE CYCLE 


HM6148/P HM6148/P-6 
Parameter Symbol Unit 
Chip Selection to End of Write tow 
ns 


Address Valid to End of Write pe Fo 


ns 


ns 


ns 


law 
tas 
: 
Write Pulse Width* me 


Write Recovery Time twr 


Data Valid to End of Write ns 
enon ti ae oe aa el Ge eae eo ae 
Output Active from End of Write** ee ee ee ed ee ee ns 


Notes) %* When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, I/O pins remain in a high impedance 
state. In this case twe:, in the other case twpz(=iwzt+tow). 
** Transition is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 


ns 


@ TIMING WAVEFORM OF READ CYCLE NO.1‘”’ 


Address 





LAA 











previous 


data valid Data valid 


Data out 





@ TIMING WAVEFORM OF READ CYCLE NO.2‘?“” 


tacs 





: tuz 
——tLz 
Data out PRIN 
; iPod 


Vec supply 





current 


NOTES) 1. WE is high for Read Cycle. 
2. Device is continuously selected, CS = Vy. 
3. Address Valid prior to or coincident with CS transition low, 
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HM6148, HM6148-6, HM6148P, HM6148P-6 


@ TIMING WAVEFORM OF WRITE CYCLE NO.1(WE CONTROLLED) ‘"’ 


Address CEST ee 






es -SOokY ALLLLALLL 


taw 
tas twP2 (2) 
: “y a 
(DH 
Din OOK KOO 
twz 4 t 


ow (6) tou 
igh Imped : 
Dout High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE NO.2(CS CONTROLLED) ‘”’ 
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twe 


Address EEE EEE EET 


Din KXKRKKKKKROOXO <P KX XX XX KK 


(5) High Impedance 


Dout 


Notes) 


1. 


Pe 
3: 


CS and WE are paced in the WRITE state during low level period 

(ty). 

A write occurs during the overlap of a low CS and a low WE. (twp) 

twr is measured from the earlier of CS or WE going high to the end 

of write cycle. . 

. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

. If the CS low transition occurs simultaneously with the WE low 

transition or after the WE transition, the output buffers remain in a 

high impedance state. 

If CS is low during this period, I/O pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 

not be applied to them. 

Dout is the same phase of write data of this write cycle. 


Address Access Time taa (Normalized) 





Supply Current Icc (mA) 


Supply Current [cc (mA) 


HM6148, HM6148-6, HM6148P, HM6148P-6 


ACCESS TIME vs. V« ACCESS TIME vs. Ta 


SUPPLY CURRENT vs. Vcc 


50 


SUPPLY CURRENT vs. Ta 









Address Access Time taa (Normarized) 





Supply Valtage Vee) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. Vcc 


Supply Current(Stand By) Ise (mA) 





4.75 5.0 5.25 5.5 
Supply Voltage Vcc (V) Supply Voltage. Vec (V) 


SUPPLY CURRENT vs. Ta 


Vec=5V 


Supply Current(Stand By) Iss (mA) 


20 40 60 80 





Ambient Temperature Ta (‘C) Ambient Temperature Ta (°C) 
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HM6148, HM6148-6, HM6148P, HM6148P-6 — 


SUPPLY CURRENT vs. Vi 
(STANDBY) 


Supply Current( Stand By) Iccz( Normalized) 





Supply Voltage Vcc (V) 
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Supply Current( Stand By) Iccz( Normatized ) 


SUPPLY CURRENT vs. Ta 
(STANDBY) 





Ambient Temperature Ta (‘C) 


HM6148LP, HM6148LP-6 


1024-word x 4-bit High Speed Static CMOS RAM 


MFEATURES 

® Single 5V Supply 

@ Fast Access Time ............. HM6148LP 70ns (max.) 
HM6148LP-6 85 ns (max.) 

@ Low Power Standby and Low Power Operation; 

Standby: 5uW (typ) Operation: 200mW (typ) 
Completely Static RAM; No Clock or Timing Strobe Required 
No Peak Power-On Current 
No Change of t, ¢g with Short Deselected Time 
Equal Access and Cycle Times 
Directly TTL Compatible; All Inputs and Outputs 
Three State Output 
Common Data Input and Output 


Capability of Battery Back Up Operation MIPIN ARRANGEMENT 
Pin-Out Compatible with Intel 2148 





MIBLOCK DIAGRAM 





AsO > ae 
Asc > Ge —— Vee 
AsO > ees tow Memory Matrix © GND 
a 64x 
Az 0 2 : 
AsO be: 
AsO > ae 
1/O1 © 







sae 
he — 
1/O3 0 Be Ed 2 a a 

ie] "| FeeR 
1/O4 © ss 


i 








Input 





Data 


(Top View) 





Control 


AA  aAa 








MABSOLUTE MAXIMUM RATINGS 


Terminal Voltage* V 
a 
Operating Temperature 


Storage Temperature —55 to +125 
Storage Temperature** —10 to +85 


* with respect to GND. 4 —1.0V (Pulse Width = 50ns) 
** Under Bias 


Alaa = 
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HM6148LP, HM6148LP-6 


MTRUTH TABLE 


HERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


2 A 
in 


* Viz min=—1.0V (Pulse widths50ns) 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=OV, Ta=0 to +70°C) 





Output Leakage Current CS= Vin, Vio=GND to Vee Fo — | = | 20 | BA 
hvehacsconetan ar Guna CS=Vit, Minimum Cycle, Duty=100%, I,o=OmA | — | 40 | 80 | mA 
Cycle=150ns, Duty=50%, I,o=0mA | — | 33 | — | mA 
Standby Power Supply Current = aul cei a ” 
CS2Vec—0.2V, VinS0.2V or Va2zVec—0.2V | — | 1 | 100 | A 
ee 


Notes) %* Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 
** Reference only. 


HECAPACITANCE (Ta=25°C, f=1MHz) 


Note) This parameter is sampled and not 100% tested. 










Input Capacitance 










Input/Output Capacitance 





MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C, unless otherwise noted) 
@ AC. TEST CONDITIONS 


Input Pulse Levels 2... 2 secs cee sn ccs see ss annsceene GND to 3.0V 
Input Rise and Fall Times ......-..... 0000 ee ee eaee ~+- 10ns 
Input and Output Timing Reference Levels............-- 1.5V 
Output Load 33.o046.02% «as saan. cae arth te ae Ransaver ian gt ge See Figure . 
Load Circuit (A) Load Circuit (B) 
Vee Vee 
5100 5102 
Dout 
Dout 
3302 SpF 
3302 SOpF* | 


* includes probe and 
jig capacitance. 
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HM6148LP, HM6148LP-6 


@®READ CYCLE 


HM6148LP HM6148LP-6 


Read Cycle Time Letaieees Mee Aen ie fete a PO a ee 
Address Access Time [a ei eee ee (eee eee 
Chip Select Access Time fies 5) et Sen | ee 
Output Hold from Address Change | tow, =| 8 | |B 
Chip Selection to Output in Low Z* | tz | oo | | tt | 
Chip Deselection to Output in High Z* tuz a a ee ee ee ee ee 
Chip Selection to Power Up Time tpy a ee ee eee 
Chip Deselection to Power Down Time ipp a ee ee ee ee ee 


* Transition is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 


@WRITE CYCLE 


HM6148LP HM6148LP-6 


Parameter Symbol 


Write Cycle Time 
Chip Selection to End of Write cw 
Address Valid to End of Write AW 
Address Setup Time 


~ 


Wwe 


amend 


A 


“A 


twpt 


Write Pulse Width* 


Write Recovery Time 


~J 
So Oo 


Data Valid to End of Write tow 3 
Data Hold Time tou 
Write Enabled to Output in High Z** twz 
Output Active from End of Write** tow 


Notes) * When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, 1/O pins remain in a high impedance 


state. In this case twe, in the other case twrz(=twzttow). 
** Transition is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF READ CYCLE NO.1‘ 







ERC 


Address 







previous 


data valid Data valid 


Data out 


@ TIMING WAVEFORM OF READ CYCLE NO.2‘'’‘*’ 


{RC 





cs 
acs 
tHzZ 
tz 
High impedance : seen ; High impedance 
Data out ety Data valid 
Vec supply 
current 





Notes) 1. WE is high for Read Cycle. = 
2. Device is continuously selected, CS=V77. - 
3. Address Valid prior to or coincident with CS transition low. 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


7\ 


HM6148LP, HM6148LP-6 


@ TIMING WAVEFORM OF WRITE CYCLE NO.1(WE CONTROLLED)‘” 


twe 


Address 


tow 


Cs SOS KOK AL ATSIS ALLL 
taw 
WE 
Din OKO D oe 
twz (4) tox 
a 

SD SEF SET EY ED SBP ET ARS High Impedance f-FoN 

22. GS Sb ee _S 


@ TIMING WAVEFORM OF WRITE CYCLE NO.2(CS CONTROLLED) ‘” 


lwe 


Address 


WE S\\AAANASS an 


XXKKKKKKKMOD =. onan 


(5} High Impedance 


Notes) 

1. CS and WE are paced in the WRITE state during low level period 
(ty). 

2. A wate occurs during the overlap of a low CS and a low WE. (twp) 

3. twp is measured from the earlier of CS or WE going high to the end 
of write cycle. 

4. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

5. If the CS low transition occurs simultaneously with the WE low 
transition or after the WE transition, the output buffers remain in a 
high impedance state. 

6. If CS is low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 

7. Dout is the same phase of write data of this write cycle. 


mLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


Vcc for Data Retention CS2Vec—0.2V, Vie2Vec—0.2V or VinS0.2V mas V 
Data Retention Current Vec=2.0V, CS21.8V, Vi=1.8V or Vins0.2V |. — | — | 40 | # 


Chip Deselect to Data Retention Time Fo of — {| -— | ns 
Ege lke Retention Waveform 
Operation Recovery Time Ftact | — | — ns 


* igc=Read Cycle Time 





@LOW Vic DATA RETENTION WAVEFORM 


DATA RETENTION MODE 
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Address Access Time taa (Normalized) 
Supply Current Icc (mA) 


Supply Current Icc (mA) 


ACCESS TIME vs. Vc 





Supply Voltage Vcc (V) 


SUPPLY CURRENT vs. Vc 





Supply Voltage Vec (V) 


SUPPLY CURRENT vs. Ta 





Ambient Temperature Ta (‘C) 


Address Access Time taa (Normarized) 


Supply Current(Stand By) Iss (mA) 


Supply Current(Stand By) Iss (mA) 


HM6148LP, HM6148LP-6 


ACCESS TIME vs. Ta 





Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. Vcc 





Supply Voltage Vec (V) 


SUPPLY CURRENT vs. Ta 





Ambient Temperature Ta (°C) 
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HM6148LP, HM6148LP-6 


SUPPLY CURRENT vs. Vcc SUPPLY CURRENT vs. Ta 
(STANDBY) (STANDBY) 


Supply Current( Stand By) Iccz{ Normalized) 
Supply Current( Stand By) Icc1z{ Normalized } 





Supply Voltage Vcc (V) Ambiert Temperature Ta (‘C) 
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HM4315P— 


4096-word <1-bit Static Random Access Memory 


Low Power Standby .............. 0 ccc eee cease 10uW typ. 
Low Power Operation ............00 cece eeeuee 20mW typ. 
























© Dout 





Latched 
Address 
Register 










As Ae Ar Aa As Aso An 


MIABSOLUTE MAXIMUM RATINGS 


aw it0[ Vv 


Supply Voltage* 


Terminal Voltage* 
Power Dissipation 
Operating Temperature 


Storage Temperature 


* with respect to GND 


HJRECOMMENDED DC OPERATING CONDITION (Ta=0 to +70°C). 


[sain "a 
a 


Item 


Supply Voltage 
GND 


Input Voltage 


Data Relention: .2c.b2 oud auted waale eon epee eat es 2.0V 

ROCESS TIME teneuuis 626 44RG 6 bo ee oe SaeS ae 450 ns max. 

TTL/CMOS Compatible Input/Output 

On Chip Address Register 

Si Gate CMOS Technology 

MBLOCK DIAGRAM 

Aco | 

Aio Latched ee ——$§!* Vcc 

A20 Address at 
- Register sie See ot (DP-18) 


MPIN ARRANGEMENT 
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HM4315P 


MDC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%) 


seen Vin Vec—0.2V, f=1MHz, duty 50% P= | oa | oto mA 
Average Power Supply Current Via=Q.4V, f=1MHz, duty 50% a a ees a 
ee (et 


MECAPACITANCE (7a=25°C, f=1MHz) 


BLOW Vic DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


Input Capacitance 





ef 


Output Capacitance 


Data Retention Power Supply Current CES0.2V, Vor=2.0V | = | 05 | 50 | HA 
Chip Deselect to Data Retention Time ee ee en ee ee ns 
Operation Recovery Time i a er ic* Po fe ns 


* tc=Cycle time 


MILOW Vi DATA RETENTION TIMING 


Data Retention Mode 





CE 
ov 


MBAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS | 


Input High Level ...---. eee eee eee ee eee eee 2.4V 

Input Low Level .-------+-+---- tee ee 0.8V 

Input Rise and Fall Times .- +--+ +--+ see eee 20ns 

Timing Measurement Levels... +--+ +--+ +e eeeeee 2.4V,0.8V 

Reference Level -....-.--0-- beeen ee ene VOH = 2.0V, VoL = 0.8V 
Output Load «0... cree eee eee eee teens 1TTL+Cy = 100pF 
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Write Enable Hold Time TEHWH (twz) 
Read Setup Time TWHEH (irs) 
Read Hold Time TELWL (tau) 


Chip Enable Rise/Fall Time TT (ir) 
* Read -Modify -Write Cycle. 


@READ CYCLE 


ow 


co \lo 
oOo }|o 


Item PSymbot | min | max 

Read or Write Cycle Time | TEHEH te) | to |= 
Random Access Time | TEHOV (tc) | 
een as ae eel 
Chip Enable Precharge Time | TELEH Gr) to | 
Address Hold Time | TEWAX (tu) | 00 | 
Address Setup Time TAVEH (tas) ee ee ee aa 
ea ee ec eee ees a 
Write Enable Setup Time TEHWL (tws) ae eee eee ee 
Data Input Hold Time | TWHDX (tom) | | 
Data Input Hold Time referenced to CE | = TELDX (toe) = i]t 
Write Enable Pulse Width TWLWH (iww) 120 hee 
Chip Enable to Write Enable Delay* | TEHWL(tew) «| 350—s | 
WE to CE Precharge Lead Time TWLEL (twez) 150 ae 
Data Input Setup Time TDVWH, TDVEL« (tos) 1 pi ee 
ee 

a 

ee 

| 30 


oo 
c 


CE 


tas 


ES | 
OK Laveen OOK AKA 


E Ci 
See 


~ 
A 
mm 
~ 
iz] 
4" 


= YY 


tac 





HIGH-Z 





Dout VALID DATA OUTPUT > 


@EARLY WRITE CYCLE 


{CE 


09 —_ Xm 


AXXKXXRXKXKEK 


tou 


— 






tos 


Din XXX DATA VALID N XXX X 


HIGH- Z 





Dout 


HM4315P 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM4315P 


@READ MODIFY WRITE CYCLE AND READ WRITE CYCLE 


tCe tp 


CE ; 
V/\/ VJ SVJ/\J SSS AV/ 
A XX) ( eee J OOK KKK KKK AK) 
; i ceca | ava 
_— bee ee ae 


/ 
-_ t 
OOOO OOOO ee e.e.e Canna 0,0,0.0 


Dout wee (| VALID DATA OUTPUT ) 


Notes) %*1 Read-Modify -Write Cycle tcwo 2 350ns, tce = 550ns. 
*2 Read-Write Cycle. 


Iec(mA) 10 


Note) Veco=5.0V, Ta=25C 
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Access Time(Normalized) 


Average Supply Current Icc3 (mA) 


Input Voltage (V) 


ACCESS TIME vs. SUPPLY VOLTAGE 





4.0 5.0 6.0 
Supply Voltage Vcc (V) 


AVERAGE SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 


25 
Ta=25°C 
Vin( min) 
i 
TT nde 
ell 
- 







2.0 


18 S - ¢ 
Bae 
0.5 

40 5.0 6.0 


Supply Voltage Vcc (V) 





i 1; 
Average Supply Current Icc3 (mA) Geese Pimeyeeralzedd 


Input Voltage (V) 


HM4315P 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


AVERAGE SUPPLY CURRENT 
vs. AMBIENT. TEMPERATURE 





Ambient Temperature Ta (°C) 


INPUT VOLTAGE 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Te (°C} 
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HM614'7,HM614 7-3 
HM614 7P,iM6147P-3 


4096-word <1-bit High Speed Static CMOS RAM 


MIFEATURES HM6147, HM6147-3 
@ Single 5V Supply and High Density 18 Pin Package 

‘@ High Speed: Fast Access Time 55ns/70ns Max. 

@ Low Power Standby and Low Power Operation, . 

— $tandby:100uW typ., Operation: 75mW typ. 

Completely Static Memory — No Clock nor Timing Strobe 
Required 

No Peak Power—On Current 

No Change of t, ¢g with Short Chip Deselect Time 

Equal Access and Cycle Time 

Directly TTL Compatible — All Input and Output 

Separate Data Input and Output: Three State Output 

Pin-out Compatible with Intel 2147 NMOS STATIC RAM 


MIBLOCK DIAGRAM 


(DG-18) 


HM6147P. HM6147P-3 


As 

Az 
Al 
Ao 
As 


~——O Vcc 
Row Memory Matrix 


— Decoder 64X64 a——-Q GND 


M 





a 





As Aa As Ag Ato An 


MABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 


Voltage on Any Pin relative to GND* —0.5 to +7.0 V 


Power Dissipation 


W 

; (Top View) 
Operating Temperature 0 to +70 c 
Storage Temperature(Ceramic) —65 to +150 a 
Storage Temperature( Plastic) Tate —55 to +125 G 


* Viv min=—1.0V (Pulse Width S 20ns) 


MIRECOMMENDED DC OPERATING CONDITIONS (0°C S$ TaS70°C) 


Parameter _ ' Symbol | min =| typ | 
Input High (logic 1) Voltage Vin a ee ee ee 
Input Low (logic 0) Voltage Vit F -03e | 


* Vi min=—1.0V (Pulse widthS20ns) 


Supply Voltage 
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Unit 


<afaap< 


HM6147, HM6147-3, HM6147P, HM6147P-3 


MIDC AND OPERATING CHARACTERISTICS (0°CSTaS70°C, Vec=5V+10%, GND=0V) 


Input Leakage Current | Ta: | Vec=5.5V, GND to Vec 


Output Leakage Current | Tio | CS=Vin, Vou =0~ Vee 


Operating Power Supply Current(1) DC Tec CS=Vi1, Output open 


CS=Vir, ViwS0.2V or 
Vine Vec—0.2V 


|_min | t 
oe 
ae 
a 
Average Operating Current (3) . ce Rea ea ae eee 
or 
as 
| 24 | 


Operating Power Supply Current(2) DC Icci 


Standby Power Supply Current(1) DC 


CS2 Vec—0.2V, 
VinS0.2V or Vin2Vec—0.2V 


for=12mA 
lon=-—8.0mA 


Note) 1. Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 
2. Reference only 


ay 
bo 

a4 3 3 
saps em Lee] Oe OL 


Standby Power Supply Current(2) DC Isai 


:s 


Output Low Voltage 
Output High Voltage 


eras 
ima 
Ey 800 
aw 
eae 


* Including scope & jig capacitance 
Figure 1 Output Load 


ICAPACITANCE (Ta=25°C, f=1.0MHz) 


Note) This parameter is sampled and not 100% tested. 


MEAC CHARACTERISTICS (Ta=0°C to 70°C, Vec=5V410%, unless otherwise noted. ) 
@READ CYCLE 


Parameter 


Sic Cae a 
er 


Output Hold from Address Change ton a 5 Fe ns 
Chip Selection to Output in Low Z tiz a ee ee ee (ee ns 
Chip Deselection to Output in High Z tz | oo | 4 | oo | 0 | ns 
Chip Selection to Power Up Time Te ee ee ee DK ee ns 


Chip Deselection to Power Down Time | treo | = — J 80} 


@®WRITE CYCLE 


Parameter 


‘Chip Selection to End of Write LT otew Of ns 
Address Valid to End of Write ee ee es ns 
Address Setup Time iio = ee a ee 
Write Enabled to Output in High Z twz a ee ee ee ee ee ee ns 
Output Active from End of Write | tw COUT tl el ns 


Vee 
MAC TEST CONDITIONS 
Input pulse levels: GND to 3.5V 5102 
Input rise and fall times: 10 ns 
Input and output timing reference levels: 1.5V Dp 
Output load: See Figure 1 300 Q ; 3UpF° 


HM6147/P -3 HM6147/P ; 
Symbol Unit 
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HM6147, HM6147-3, HM6147P, HM6147P-3 


@ TIMING WAVEFORM OF READ CYCLE NO.1°” “” 


tre 


Address 











previous 


Data out data valid 


Data valid 


tacs 
tHs 


{42 


High impedance 
Data out 





Vee supply 


current 





Notes: 1. WE is high for READ Cycle. 
2. CS is low for READ Cycle. —_ 
3. Addresses valid prior to or coincident with CS 
transition low. . 


@ TIMING WAVEFORM OF WRITE CYCLE 


LWC 








Address 
Pout at wt 
= af Po eve Yo. 
cs a fetes os os 
‘ “ ae <7 as 
es pare 
taw 
{WR 
tas twp 
WE 


‘\S 
———— 


Data out Data undefined 





High impedance 
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Supply Current Icc,Icc2 (mA) 


Access Time (Normalized) 


Access Time Ataa, Atacs 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


ACCESS TIME 
vs. SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


ACCESS TIME 
vs. LOAD CAPACITANCE 





Load Capacitance Cz (pF) 


Access Time (Normalized) 


Supply Current Icc2 (Normalized) 


HM6147, HM6147-3, HM6147P, HM6147P-3 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


Supply Current Iec,lec2 (mA) 





Ambient Temperature Ta (‘C) 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


SUPPLY CURRENT 
vs. FREQUENCY 





Frequency f (MHz) 
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HM614°7LP,iM614 7LP-3 


4096-word <1-bit High Speed Static CMOS RAM 


MIFEATURES 

@ Single 5V Supply and High Density 18 Pin Package 

@ High Speed: Fast Access Time 55ns/70ns Max. 

@ Low Power Standby and Low Power Operation, 

Standby: 5uW typ. Operation: 75mW typ. 

Completely Static Memory — No Clock nor Timing Strobe 
Required 

No Peak Power—On Current 

No Change of ta cg with Short Chip Deselect Time 

Equal Access and Cycle Time 

Directly FTL Compatible — All Input and Output 
Separate Data Input and Output: Three State Output 
Capability of Battery Back up Operation 

Pin-out Compatible with Intel 2147 NMOS STATIC RAM 


MBLOCK DIAGRAM 





Aso fe ba Shae, 

Ar @ sj Row Memory Matrix BEPIN ARRANGEMENT 
Decoder 64 x 64 ae, 

Ava a! 2... GND 

Aoo > 

Ag © > 

Are > a 





Column 1/0 ie © Dout 
Column Decoder 





As Aa As Ag Aro Art 


(Top View) 


MIABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin relative to GND* V 
Power Dissipation W 
Operating Temperature °C 
Storage Temperature T ste Cc 


* V;, min=~—1.0V (Pulse Width S 20ns) 
MERECOMMENDED DC OPERATING CONDITIONS (0°C STaS70°C ) 


Unit 


Parameter Symbol 


Supply Voltage 


<i | 


Input High (logic 1) Voltage 


= 


Input Low (logic 0) Voltage 


< 


* V; min=—1.0V (Pulse widths 20ns) 
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HM6147LP, HM6147LP-3 


HIDC AND OPERATING CHARACTERISTICS (0'C STaS70°C, Vec=5V410%, GND=O0V) 


Input Leakage Current Vec=5.5V, GND to Vec | — | = | 20] pa | 






Operating Power Supply Current(1) DC a CS=Vit, Output open pep ster 


CS=Vit, VinS0.2V or 


Operating P Supply C t(2) DC I 
perating Power Supply Curren on Vin2Vec—0.2V 


“Averane Operating Current (3) Cycle 150ns, duty 50% oe ees ee 


Note) 1. Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 
2. Reference only. 








MAC TEST CONDITIONS 


@ Input pulse levels: GND to 3.5V 

@ Input rise and fall times: 10 ns 

@ Input and output timing reference levels: 1.5V 
@ Output load: See Figure 1 


510Q 


Dout 






300 G2 


* Including scope & jig capacitance 
Figure 1 Output Load 


MECAPACITANCE (7a=25°C, f=1.0MHz) 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta=0°C to 70°C, Vec=5V+10%, unless otherwise noted. ) 
@READ CYCLE 


HM6147LP-3 HM6147LP 


Parameter Symbol ; Unit 
a et 

Read Cycle Time ee ee ee ns 

Output Hold from Address Change ee ee et ns 

Toenail. 

Chip Deselection to Output in High Z ee ee ee ee ee ee ns 

a 


Chip Deselection to Power Down Time [| t pp 
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HM6147LP, HM6147LP-3 


@WRITE CYCLE 


HM6147LP-3 HM6147LP 


Parameter ymbol 
po min mae | in 
Chip Selection to End of Write re a ee 
Address Valid to End of Write F otw fe] 


Write Recovery Time twr oe 
cre oe a a a a 
Write Enabled to Output in High Z twz Foo Ew 
Output Active from End of Write | tw ff Tl 


Address 


previous 


data valid Data valid 


Data out 


Data out 


Vec supply 


current 


NOTES: 


WE is high for READ Cycle. 


is low for READ Cycle. 


le 
2. CS = 
3. Addresses valid prior to or coincident with CS transition low. 
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High impedance 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


HM6147LP, HM6147LP-3 


© TIMING WAVEFORM OF WRITE CYCLE 


a te 





Address 





- XA 
Va 
ne ch mes 
twz 3 


Data out Data undefined 


tow 





High impedance 


MLOW Vic RETENTION CHARACTERISTICS (Ta=0°C to 70°C) 


Parameter . Symbol Yest Condition | min | typ | max | Unit 





Vec for Data Retention : Se V 
Data Retention Current op | — | = | 40 pA 
Chip Deselect to Data Retention Time pte foo f = f= ns 


* Ine Read Cycle Time 


@LOW Vic RETENTION CHARACTERISTICS 


Data Retention Made 
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HM614 7H-35, HM6147H-455 Preliminary 
HM614 7HP-35,M6147HP-45 


4096-word <1-bit High Speed Static CMOS RAM 


MIFEATURES 

® Single 5V Supply and High Density 18 Pin Package 

@® High Speed: Fast Access Time 35ns/45ns Max. 

@® Low Power Standby and Low Power Operation, 
Standby: 100uW typ., Operation: 150mW typ. 

Completely Static Memory — No Clock nor Timing Strobe 
Required 

No Peak Power—On Current 

No Change of t, cs with Short Chip Deselect Time 

Equal Access and Cycle Time 

Directly TTL Compatible — All Input and Output 

Separate Data Input and Output: Three State Output 

Plug-In Replacement with Intel 2147H NMOS STATIC RAM 


MBLOCK DIAGRAM 


HM6147H-35, HM6147H-45 


HM6147HP-35, HM6147HP-45 


@®eeee7?vw 


—=——9o VWrr 
Row Memory Matrix 
Decoder 64 x 64 


—=——o GNI) 


i i i i i i 





8 


TIA 


Ay Aa As Ag Ato Ans 







MIABSOLUTE MAXIMUM RATINGS 





Voltage on Any Pin relative to GND V 
DC Output Current mA 
Power Dissipation P; W Pan View) 
Operating ‘Temperature 1G 
Storage Temperature (under bias) "C 
Storage Temperature (Ceramic) “G 
Storage Temperature ( Plastic) °C 


* Pulse Width 20ns, DC 2 --0.5V 


Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HM6147H-35, HM6147H-45, HM6147HP-35, HM6147HP-45 


MIRECOMMENDED DC OPERATING CONDITIONS (0°C S$TaS70°C ) 


Parameter | Symbol | min | ty max Unit 
he Wee a i 

Supply Volt 
See ate GND a 
Input High (logic 1) Voltage Vin he f= Se = OO: | V 
Touts LAW Clogies0) Volaae a eS See ee ee eee ee 


* Pulse Width 20ns, DC : —0.5V 


MEDC AND OPERATING CHARACTERISTICS (0°C STaS70°C, Vec=5V110%, GND=0V) 


Input Leakage Current Vec=5.5V, GND to Vec vA 


a 


bone Lae) 
al tf 
© — 


Output Leakage Current 


— 


Operating Power Supply Current(1) DC 


=V,., Output open mA 


S=Vi1, Minimum Cycle po 


S=Vin, Vec=Min to Max 


cc 


|| Bly & 


Operating Power Supply Current(2) DC mA 


F 
Q 
i>) 
O 


Standby Power Supply Current(1) DC mA 


SB 


bony 
fi 


CS2 Vec—0.2V, 





Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute. 
2. Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 


Vec 
HMAC TEST CONDITIONS 
510Q 

input pulse levels: GND to 3.0V 

i r : Dou 
Input rise and fall times: 5 ‘ls Output Load A t 
input timing reference levels: 1.5V we spe 
Output load: See Figure 
Output timing reference levels: 1.5V (HM6147H/P-35) 

0.8 to 2.0V (HM6147H/P-45) 


* Including scope & jig capacitance 


Vec 
510 
Dout 
u B 
Output Load ae SpF 


Standby Power Supply Current(2) DC I 800 A 
Si aa aa | VivS0.2V or Vin Vec—0.2V p= | 2 ‘ 


BECAPACITANCE (Ta=25°C, f=1.0MHz) 


Note) This parameter is sampled and not 100% tested. 
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HM6147H-35, HM6147H-45, HM6147HP-35, HM6147HP-45 


MAC CHARACTERISTICS (Ta=0°C to 70°C, Vec=5V+10%, unless otherwise noted. ) 
@READ CYCLE 


on 
abies a ee _ 
Output Hold from Address Change ee 

Chin, Selection: covOuiput in Lew Z i ee (2), (3), (7) 
Chip Deselection to Output in High Z tuz | oo | 3 | lo fs (2), (3), (7) 
Chip Selection to Power Up Time _ tpy Foo | = | 0 | = | ois | 
eo a ee a a ae ae 


@ TIMING WAVEFORM OF READ CYCLE NO.1‘*’°’ 


Address 


x? 
Data Out Previous Data Valid ) IX a 


@ TIMING WAVEFORM OF READ CYCLE NO.2“?‘® 


~ 
> 
ar) 


Data Valid 


; 


trc 













CS 
High Impedance \/ \/ : High Impedance 
Data Out ix A (| 
Vec Supply ee eS 
Current 


Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitioning address. 
2. At any given temperature and voltage condition, 447Z max. is less than 
fiz min. both for a given device and from device to device. 
3. Transition is measured +500mV from steady state voltage with 
specified loading in Load B. 
WE is high for READ Cycle. 
Device is continuously selected, CS=V zz. 
Addresses valid prior to or coincident with CS transition low. 
This parameter is sampled and not 100% tested. 


INAS 
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@WRITE CYCLE 


Parameter 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enabled to Output in High Z 


Output Active ‘from End of Write 


HM6147H-35, HM6147H-45, HM6147HP-35, HM6147HP-45 


Se as 
ate al 
ee OE ee a 
oe ee ee a 
oe = | wt 
ee ae a 
ee a 
ae ee oe ae 
Ts f° | » |. | = | = | ou 


@ TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED) 


Address 


ne 
ane 


Mp ee 


Data In 


Data Out 


Data Undefined 


5 
(i 


High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED) 


Address 


twe 








See 


Data In 


Data Out 


Notes: 


hWNe 





4 Data In Valid 


tw2z 


Data Undefined High Impedance 


Note} CS or WE are High for Address Transition 


. If CS goes high simultaneously with WE high, the output remains in.a high impedance states. 

. All Write Cycle timings are referenced from the last valid address to the first transitioning address, 
. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

. This parameter is sampled and not 100% tested. 
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HM614 7HLP-35, HM614 7HLP-45 _ 


—Preliminary— 
4096-word <1-bit High Speed Static CMOS RAM 


MIFEATURES 

@ Single 5V Supply and High Density 18 Pin Package 

@ High Speed: Fast Access Time 35ns/45ns Max. 

@ Low Power Standby and Low Power Operation, 
Standby; 5uW. typ., Operation: 150mW typ. 
Completely Static Memory — No Clock nor Timing Strobe 
Required 
No Peak Power—On Current | 
No Change of ty cg with Short Chip Deselect Time 
Equal Access and Cycle Time 

_ Directly TTL Compatible — All Input and Output 

Separate Data Input and Output: Three State Output (DP-18) 


e 
@ 
e 
@ 
e 
® 
@ Plug-In Replacement with Intel 2147H NMOS STATIC RAM 
@ Capable of Battery Back up Operation SPIN ARRANGEMENT 
MBLOCK DIAGRAM 
Ave > ae 
Azo > ae Row Memory Matrix 
Gs Ns] Decoder 64 x 64 
hoe — Hy 
Ag © pees 
Ao @ Ss 





Column 1/0 i oO Dout 


Column Decoder 


A 


As Ae As Ag Ato An 





>a 





de 


MABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


Voltage on Any Pin relative to GND Vr 3.5" to: F720 V 


Power Dissipation 


Leone | 


3 ion | 

if 
— 
fa) 


Operating Temperature 
—10 to +85 
—§5 to---125 


Storage Temperature (under bias) Tyigtbiads 


WwW 
0 to +70 °C 
C 
C 


Storage Temperature Tiig 


* Viv min=—0,5V(Pulse widthS20ns) 


HIRECOMMENDED DC OPERATING CONDITIONS (0°C STaS70° ) 


pais SS ee 
Input Low (logic 0) Voltage a Vin eee We ee ee V 


* Vit min=—0.5V(Pulse width=20ns) 


Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HM6147HLP-35, HM6147HLP-45 


MIDC AND OPERATING CHARACTERISTICS (0°C STaS70°C, Vec=5V+10%, GND=0V) 


Input Leakage Current | Tor | 
Output Leakage Current | Tro | 
Operating Power Supply Current(1) DC Tec 


Operating Power Supply Current(2) DC Icc1 CS=V,i1, Minimum Cycle 


Standby Power Supply Current(1) DC Isp CS=Vin, Vec=Min to Max fell 


CS2 Vec—0.2V, 
Standby Power Supply Current(2) DC Isai 


VinS0.2V or Vin2 Vec—0.2V 





Output Low Voltage Vor Tor. =8mA 


Output High Voltage Vou Ion =—4.0mA 


Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 


Vee 
MAC TEST CONDITIONS 
Input pulse levels: GND to 3.0V ne 
Input rise and fall times: 5ns_ Baus 
Input timing reference levels: 1.5V Output Load A 
Output load: See Figure 3302 mp 
Output timing reference levels: 
1.5V (HM614HLP-35) 


0.8 to 2.0V (HM614HLP-45) * Including scope & jig capacitance 


Vec 
510Q 
Output Load B Die: 
3302 SpF 
MECAPACITANCE (T7a=25°C, f=1.0MHz) 


Note} This parameter is sampled and not 100% tested. 


.-) 
Fr} 


MAC CHARACTERISTICS (Ta=0°C to 70°C, Vec=5V+10%, unless otherwise noted. ) 
@READ CYCLE 


es 
— = ees — 
Chip Selection to Output in Low Z ee ee ee ee ee ee ee (2), (3), (7) 
Chip Deselection to Output in High Z Te ee ee ee ee ee (2), (3), (7) 
Chip Deselection to Power Down Time a ee ee ee ee ee ee 
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HM6147HLP-35, HM6147HLP-45 


@ TIMING WAVEFORM OF READ CYCLE NO.1“ 


Address 
taa 
Data Out Previous Data Valid Ce < ) Data Valid 





@ TIMING WAVEFORM OF READ CYCLE NO.2‘” 









cs 
High Impedance YY High Impedance 
Data Out /\ Ix 
Veo Supply 0 TT Ta 


Current 


Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitionining address. 
2. At any given temperature and voltage condition, tz max. is less than 
‘LZ min. both for a given device and from device to divice. 
. Transition is measured +500mV from steady state voltage with 
specified loading in Load B. 
. WE is high for READ Cycle. 
. Device is continuously selected, CS=V 77. 
. Addresses valid prior to or coincident with CS transition low. 
. This parameter is sampled and not 100% tested. 


ANNE w 


@WRITE CYCLE 


sa 
—— ait eee et “ 
Write Enable to Output in High Z | wz =| 0 =| 2 | o | 2% | as | @),@) 
Output Active from End of Write | tw | oo | =— | oo | = | ons | 0 
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HM6147HLP-35, HM6147HLP-45 


@ TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED) 


twe 


Address 


= NVA ZV 
. QS 


>< nee 
Data In 4 Data In Valid - 
JJ 


Data Out Data Undefined 


High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED) 


Notes: 


twe 





Address 


twee 


@ ea a 
Sah _——$— | 
} aa, 


twuz 








Data Qut 
Data Undefined High Impedance 


Note’ CS or WE are High for Address Transition 


1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0T to +70C) 


CS2Vec—0.2V 

Vcc for Data Retention Vor 2.0 Vv 
Vin2 Vec—0.2V or VinS0.2V 
Vec=2.0V, CS22.8V 

Data Retention Current Iccor HA 
Vin22.8V or VinS0.2V 

Chip Deselect to Data Retention Time Se ns 
See Retention Waveform 


* tac=Read Cycle Time. 


@LOW Vcc DATA RETENTION WAVEFORM 


Data Retention Mode 


Vor 22.0V 
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HM6116-2, HM6116-3, HM6116-4_— 
HM6116P-2, HM6116P-3, HMG6116GP-4 


2048-word < 8-bit High Speed Static CMOS RAM 


MIFEATURES HM6116-2, HM6116-3, 
@ Single 5V Supply and High Density 24 Pin Package HM6116-4 
@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby and Standby: 100uW (typ.) 
Low Power Operation Operation: 180mW (typ.) 
@ Completely Static RAM: No clock or Timing Strobe Required 
e Directly TTL Compatible: All Input and Output 
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 
@ Equal Access and Cycle Time 


MIFUNCTIONAL BLOCK DIAGRAM 











Me > ama sa OVE 
HM6116P-2, HM6116P-3, 
\ \ Row F Memory Matrix ——© GND HM6116P-4 
Decoder 
128X128 
Wo p> seal 
pe | 

V/H0 Ie ba Column 1/0 


a 
[\—— LN 


Data 





Control 


I/s O- 


MABSOLUTE MAXIMUM RATINGS 





Voltage on Any Pin Relative to GND| Vr | —0.5* to +7.0 | Vv 
Operating Temperature aC 
Storage Temperature (Plastic) c 
Storage Temperature (Ceramic) 
Temperature Under Bias C 
Power Dissipation WwW 
* Pulse Width 50ns : —1.0V 
MTRUTH TABLE 
|_| WE fehl Gh 
H 
; jead Grae 
i ee a ae 
i a ae eee 
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HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4 


MERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Item 


Supply Voltage 


Input Voltage 


* Pulse Width: 50ns, DC: Vic min=—0.3V 


Qs 
oO 


Unit 


<j<|< 


HM6116/P-3/-4 


MIDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=OV, Ta=0 to +70°C) 
i 


I Saks r sal HM6116/P-2 
tem mbo est Conditions 


Input Leakage Current Vec=5.5V, Via=GND to Vec = 


Output Leakage Current 


c 


Ic 
Operating Power Supply 


CS= Vin or OE= Vin, 
10 10 
Vio=GND to Vec 


CS= Vit, ILo=0mA 4: 


Io =(0mA 


a 
Vin=3.5V, Vir=0.6V, 
Bonsek 
35 


Average Operating Current Min. cycle, duty=100% | — | 40 | go | — | 


Isp 
Standby Power Supply 


Current Isai 


* Vec=5V, Ta=25°C 
** Reference Only 


CS2 Veco—0.2V, Vin2Vec 


—0.2V or Vi, 80.2V 


Sa (ae (= TD 
Se ese eee 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 


@®AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 


Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 


@®READ CYCLE 


Item 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low Z 
Output Enable to Output Valid 
Output Enable to Output in Low Z 
Chip Deselection to Output in High Z 
Chip Disable to Output in High Z 
Output Hold from Address Change 





HM6116/P~4 


ho 
o 
Qo 


— 
on 


_ — 
an wn 


So 


0 
0 


o 


- b | te 3 
i) ty 
Oo * 


Unit 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


oF 


HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4 


@WRITE CYCLE 


. HM6116/P-2 1M6116/P-3 HM6116/P-4 aa 
es min | | min i 


Write Cycle Time | twe [zo | = Tso | Oto | ts 
Address Valid to End of Write | tw ={ 105 {| — | 120 | — | 140 | — | os 


Symbol Test Conditions typ 





Input/Output Capacitance Cro 


MITIMING WAVEFORM 
@READ CYCLE (1)‘”*”’ 


Input Capacitance Cs 


Address 





CAAA VVWTZZZ 


tok tox 


tacs 


pees ramets 
‘ “XX XX) 


@READ CYCLE (2)‘?°?“”°? 


= 
™ 


Address 


taa 


lon 


Dout 


@ READ CYCLE (3)‘?“‘*?“*?“®? 


Dout 





NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = V7;. 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE= Viz. 

5. When CS is Low, the address input must not be in the high impedance state. 
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WRITE CYCLE (1) 


Address 


~ 
— 
% 


Dout 


@WRITE CYCLE (2) °° 


Address 


NOTES: 


HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4 


twc 


LAR pn 
AAAAMAR AIS SLT 
SSS 


tOHZ (1) 


Soya 
LADD fp TF 






twe 






twr(2) 


WERRe. IVS IIL TL. 
XANAX - ; 


: twaz—~4{3) 7 (6) (7) 


oe ai LIVIN 
7LLLLLLL2LL22/) DIP 
; tow tox 


(8) 


1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. twrR is measured from the earlier of CS or WE going high to the end 

of write cycle. 

3. During this period, I/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

. OE is continuously low. (OE = V7,) 

- Doyt is the same phase of write data of this write cycle. 

- Dout is the read data of next address. 

If CS is Low during this period, I/O pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 

not be applied to them. 


COIN 
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HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,Jcc2(Normalized) 
Supply Current Icc,/cc2 (Normalized } 





Supply Voltage Vcc (V) Ambient Temparature Ta (‘C) 
ACCESS TIME ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Access Time taa,tacs (Normalized) 
Access Time taa,tacs( Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta ("C) 
ACCESS TIME SUPPLY CURRENT 


vs. LOAD CAPACITANCE vs. FREQUENCY 


Access Time taa,tacs (Normalized) 
_ Supply Current Icce (Normalized) 





Load Capacitance Cz’ (pF) Frequency { (MHz) 


100 


Low Input Voltage Viz(Normalized) 


Output Current fow#(Normalized) 


LOW INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 





HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4 


HIGH INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 


High Input Voltage Via (Normalized) 





Supply Voltage Vec (V) 


OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 


Output Current loz (Normalized) 





Output Voltage Vow (V) Output Voltage Vor (V) 
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HM6116FP-2, HMG11GFP-3,; 
HMG1iGFP-4 —Preliminary— 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

@ High Density Small-Sized Package 

@ Projection Area Redueced to One-Thirds of Conventional DIP 

® Thickness Reduced to a Half of Conventional DIP 

@ Single 5V Supply 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby Standby: 100uW (typ.) 
@ Low Power Operation; Operation: 180mW (typ.) 
@ Completely Static RAM: No clock nor Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 

e@ Equal Access and Cycle Time 

MFUNCTIONAL BLOCK DIAGRAM (FP-24) 





AiO 


—O Vcc 


Row Memory Matrix © GND 
Decoder 


PIN ARRANGEMENT 


128X128 





Ar © = i 
Moke ie Fe 


Data 







Control 


1/08 © 


<q 
aches ~ + 
" i” (Top View) 
Sot de bil 


MBABSOLUTE MAXIMUM RATINGS 





Power Dissipation 


Voltage on Any Pin Relative to GND V 
Operating Temperature °C 
Storage Temperature a 
Temperature Under Bias 5 

x 


* Vix min = —1.0V (Pulse Width = 50ns) 


MITRUTH TABLE 


Mode 1/0 Pin Ref. Cycle 
Not Selected High Z 

Read Dout Read Cycle(1)~(3) 

Write Write Cycle(1) 

Write Write Cycle(2) 


he specifications of this device are subject to change without notice. Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 


a fel cael cat 


© 
x |= 


Note) 


ae | 
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HM611GFP-2, HM6116FP-3, HM6116FP-4 
MERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 
Item Symbol 
Input Voltage 


* Pulse Width: 50ns, DC: Vic min=—0.3V 


x Unit 


3 
ra 


<|<}< 


ty 


< 


Supply Voltage 


be 
bo 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V110%, GND=OV, Ta=0 to +70°C) 


em ymbo est Conditions ni 
min | type [max | min | type | max | 
Output Leakage Current {Tro | et Vix ee pw] =] =] ow BA 
Operating Power Supply 
=e eee 
Iio=0mA 
Standby Power Supply = 
een les CS2 Vec—0.2V, VinaZVec 9 2 
| —0.2V or VinS0.2V 
| Vow [tov=—1.0ma | 2 | — | = | 24 | - | - 4] Vv 


* Vec=5V, Ta=25°C 
*%* Reference Only 


BAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 


@®READ CYCLE 


HM6116FP-2 HM6116FP-3 HM6116FP-4 
Symbol Unit 


0 


Item 


Read Cycle Time 


— 
bo 
oO 


ns 


a 
fo) 


— 
to 
— 
or 
S 


Address Access Time ns 


Chip Select Access Time 150 ns 


pee 
© 


Chip Selection to Output in Low Z ns 


120 ns 


— 
— o1 
on 
— 
nn 


~> ~~ ~ “ 
Co) > > 

é Q > 

N w 


Output Enable to Output Valid tor 100 


_ 
fom) 
—_ 


Output Enable to Output in Low Z toLz 5 ns 


peat 
or 


Chip Deselection to Output in High Z tcuz ns 
Chip Disable to Output in High Z touz 


Output Hold from Address Change 


ns 


pees 
oS 
rs 
oi 
— 
on 


ns 
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HM6116F P-2, HM611GFP-3, HM6116FP-4 


@WRITE CYCLE 


Chip Selection to End of Write tow ae ee ns 
Address Valid to End of Write taw 105 ee 4o | — | as 
aa ene ee eee 
Data to Write Time Overlap iow | 35 | — | 4 | — | wo | — | ns 
Data Hold from Write Time toy Pe ie ei Oe te es ns 
Output Active from End of Write ft topes |r ol a fo 1 | — | wf -— | ns 
HECAPACITANCE (f=1MHz, Ta=25°C) 

Input Capacitance Pa Ge. — | Vii=0V ore RE beers a pF 


MI TIMING WAVEFORM 
@READ CYCLE (1)‘”” 


Address 


» YWi\ MVTZZZ 


tor to# 


© OM 7777 
ed 


. rr = 
XK KX) 


é READ CYCLE (2) (1) (2) (4) (5) 





~ 


Address 





Dout 


@READ CYCLE (3) ‘°°? 


Dout 





NOTES: 


1. WE is High for Read Cycle. 

2. Device is continuously selected, CS= Vzz. __ 

3. Address Valid prior to or coincident with CS transition Low. 
4. OE=V, 

5 


. When CS is Low, the address input must not be in the high impedance state. 
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HM6116FP-2, HM6116FP-3, HM6116FP-4 


MITIMING WAVEFORM 
@ WRITE CYCLE (1)‘” 


Address 


{we 


TLR ANNA 
s Yk  SESEESA 
. YX 


3) 
sane - GO) 


Dout SoS NNN 
LILI SSS 


a 





tow toy 


Din 


@WRITE CYCLE (2)° 


te 


Greet 


s WT KZVLTTLL2 
' FASS 


tWwHz (3) f6) (7) 
Bout EERE EREeGBeBaeas a LV7 DN 
72 2LL2L2222L2 22) WZAINLRZ 


tw that (8) 


tow 


Din 


NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. twr is measured from the earlier of CS or WE going high to the end 

of write cycle. 

3. During this period, I/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. __ 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high 
impedance state. 

. OE is continuously low. (OE = V7z7) 

Dout is the same phase of write data of this write cycle. 

D out is the read data of next address. 

If CS is Low during this period, 1/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 


WIMHN 
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HM6116FP-2, HMG116FP-3, HM611GFP-4 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,/cc2( Normalized) 
'Supply Current Icc,Jcc2( Normalized) 





Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
ACCESS TIME ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Access Time taa,tacs( Normalized) 
Access Time taa,tacs (Normalized )} 





4.5 4.75 5.0 9.29 5.5 


Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 









ACCESS TIME SUPPLY CURRENT 
vs. LOAD CAPACITANCE vs. FREQUENCY 
1.3 
E F ia = 
= 2 
: S 1.0 
os aE: 
2 a 
: 08 
0.7 
0 2 4 6 8 10 
Load Capacitance Cz (pF) . Frequency f (MHz) 
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HM6116L-2, HMG116L-3, 


HM6116L-4 


2048-word < 8-bit High Speed Static CMOS RAM 


M FEATURES 

@ Single 5V Supply and High Density 24 Pin Package 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
Low Power Standby and Standby: 20uW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 
Completely Static RAM: Noclock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 
Equal Access and Cycle Time 

Capability of Battery Back up Operation 


MFUNCTIONAL BLOCK DIAGRAM 
>. 
\ \ Row Memory Matrix 
Decoder 
128X128 
S 


x 
pee | 
1/00 e rs Calan: 10 


Column Decoder 
fe Pl 


[\K\—— ZA 


——O Vc 


——-—O GND 













Input 






Data 





Control 


——_ 


~ (Ha Mie : 
1 t 
J CI 

antec = f 
aren 

bie 
cad as a 
M ABSOLUTE MAXIMUM RATINGS 

fen Ta 
Voltage on Any Pin Relative to GND —0.5* to +7.0 V 
Operating Temperature 0 to +70 °C 
Storage Temperature Tete —65 to +150 g 
Temperature Under Bias Tisae —10 to +85 i 


C 
1.0 Ww 


Power Dissipation 


i 
ing 


* Pulse Width 50ns : —1.0V 


MTRUTH TABLE 


’ Mode 
Not Selected 
Read 


a 
Pee a 
° 
= 
x 


Write 


(70 Pin 


Write [Tee | Din | Write Cyeie 
fe 





M@ PIN ARRANGEMENT 





(Top View) 


Ref. Cycle 


Write Cycle (2) 
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HM6116L-2, HM6116L-3, HM6116L-4 


M RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Item Symbol 


Supply Voltage 


‘i 
ce) 
fo) 


input Voltage 


* Pulse Width: 50ns, DC: Vic min=—0.3V 


Unit 


< 


<|< 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=OV, Ta=0 to +70°C) 


tem ymbo est Conditions Tmin | typ* | max | min | nee max | nl 
Input Leakage Current Vecm5.5V, Via=GND to Vec| — | — | 2] — | — | 2 | #A 
wo cane ores [tar ease TTP fT] 
maroon Pelpsager [= Pe [P= P= 

i707 

Average Operating Current min. cycle, duty =100% | — | 35 | 7 | — | 30 | 60 | mA 
Sais aeons SV p= | 4] el -| 4] 2m 
Current oo ee P= | 4 | 100 Ea Re 100 KA 
Output Voltage "fore. tmA ee ee ee ee ee 


* 2 Vec=5V, Ta=25°C 
* * > Reference Only 


MAC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 


@READ CYCLE 
HM6116L-2 HM6116L-3 


HM6116L~4 
Item Symbol 


er 
ee 
ae 


ho 
[~] 
© 


Address Access Time 


| min 

20 

mes oe 
Chip Select Access Time : tacs | = | 120 fo 150 | = | 
Chip Selection to Output in Low Z tcLz Gs ees 
Output Enable to Output in Low Z | torz | 10 | | 
Chip deselection to Output in High Z zn 2 ae Le ea eae SS 

| tone | be 


Chip Disable to Output in High Z torz | 0 | 40 | 0 | 50 | 


ie 


Output Enable to Output Valid toe 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6116L-2, HM6116L-3, HM6116L-4 


@WRITE CYCLE 


Address Set Up Time a ey eee ae 
Write Pulse Width ee A a AS 
Data Hold from Write Time SN A A RD 


MECAPACITANCE (f=1MHz, Ta=25°C) 


<n Sees eae ae ee 
a 


















Input Capacitance 


Input/Output Capacitance 


HTIMING WAVEFORM 
@Read Cycle (1) ‘'” ‘” 


TL MVTZZZ 


tor ton 


° \\S ee AV 7 NOMA 


tacs 


Nees — 


@Read Cycle (2) ‘1? °??“4? 


~ 
— 
™ 


Address 





Dout 


@Read Cycie (3) CV), (39 (49 (5) 


CS 


Dout 





NOTES: 


1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vyy. _ 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE=V7,. 

5. When CS is Low, the address input must not be in the high 
impedance state. 
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HM6116L-2, HM6116L-3, HM6116L-4 


@®Write Cycle (1) 


Address 

OE 

CS 

WE 

Dout SoC ALAN XN 
LLiLLLLS/ 

Din 


@Write Cycle (2) ‘ - 


NOTES: 1. 


@LOW 


Data Retention Current 
Chip Deselect to Data Retention Time 


Operation Reéovery Time 


Address 





io) 
a7) 


Din 


A write occurs during the overlap (twp) of a 
low CS and a low WE. 


. twr is measured from the earlier of CS or WE 


going high to the end of write cycle. 


. During this period, I/O pins are in the output 


state so that the input signals of opposite 
phase to the outputs must not be applied. 


. If the CS low transition occurs simultaneously 


with the WE low transitions or after the WE 


Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


Item Symbol 


Iccor* 


tcprR 


* Vic=—0.3V min. 
**K tec=Read Cycle Time. 


@Low Vcc Data Retention Waveform 
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iwc 


err 
\ASAAAA'S 
. ; ea 


Dout So A aN 
EL ADL SLT PLD TS 


twuz 


NAN 


a 


Test Conditions 


Vcc for Data Retention Vor | CS2Vcc —0.2V, Vin 2Vec —0.2V or Vin 0.2V] 2.0 | 





Data Retention Mode 





tow tox 






twr(2) 


Oy i 


ton 


(3) | (6) | (7) 
i AN AOA 
WZ 


tow tou 


transition, output remain in a high impedance 
state. _— 

OE is continuously low. (OE = V7,;) 

Dout is the same phase of write data of this 
write cycle. 

D out is the read data of next address. 


If CS is Low during this period, I/O pins are — 


in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 





Vor 22.0V 


Unit 


BHA 
ns 


ns 


Supply Current lec, lcc2 (Normalized) 


Access Time taa,tacs (Normalized) 


Access Time taa, tacs(Normalized) 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 





Supply Voltage Vcc (W 


ACCESS TIME vs. 
LOAD CAPACITANCE 


tae 





0.8 


0.6 Pf ff 
100 200 300 400 


500 


Load Capacitance Cz (pF) 


Supply Current Icc,Jcc2(Normal ized) 


Access Time taa,tacs (Normalized) 


Supply Current Icc2(Normalized) 


OH HM 611 6L- 2, HM6116L-3, HMO1T6L-4 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


SUPPLY CURRENT vs. 
FREQUENCY 





Frequency f (MHz) 
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HM6116L-2, HM6116L-3, HM6116L-4 


LOW INPUT VOLTAGE vs. | HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Low Input Voltage Viz({ Normalized) 
High Input Voltage Vrx#( Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output Current Jow({ Normalized) 
Output Current foz(Normalized) 





Output Voltage Vow (V) Output Voltage Vox (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 


AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Standby Current Isa (A) 
Standby Current Jsai{ Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vee (V) 


112: 


Standby Current Isai (mA) 





STANDBY CURRENT vs. 
INPUT VOLTAGE 





Input Voltage Vin {V) 


—~HM6116L-2, HM6116L-3, HM6116L-4 
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HM6116GLP-2, HMG116LP-3, 
HM6116LP-4 


2048- word x 8-bit High Speed Static CMOS RAM 


M FEATURES 

@ Single 5V Supply and High Density 24 Pin Package 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 10uW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 

@ Completely Static RAM: Noclock nor Timing Strobe Required 

@ Directly TTL Compatible: All Input and Output 

@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 

@ Equal Access and Cycle Time 

@ Capability of Battery Back up Operation 


Mi FUNCTIONAL BLOCK DIAGRAM (DP-24) 





——0 "ec 


Memory Matrix ———-O GND 
. Decoder 
128X128 
ne > aan i 
ae > Fa Column 1/0 


Input 
Column Decoder 


MPIN ARRANGEMENT 


















Data 





Control 


1/03 © 





> 
g (Top View) 
ode 1 


M ABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 


Voltage on Any Pin Relative toGND | Vr —_—'| —0.5* to +7.0 
Operating Temperature a 0 to +70 
Storage Temperature . —55 to +125 


Temperature Under Bias —10 to +85 


Power Dissipation TROP 


* Pulse Width 50ns : —1.0V 


= 
oO 
SIOlLOlO! < 


MTRUTH TABLE 


WE (70 Fin | ek Ge 
Read Cycle (1)~~(3) 


oe 
a TT 
fee mene eee Te 


Write Cycle (2) 


OQ 
Bir er 
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HM RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70) 


uppiy Voltage 
ee a 
Input Voltage 


* Pulse Width: 50ns, DC: Viz min=—0.3V 


MOC AND OPERATING CHARACTERISTICS (Vec=5V +10%, GND=OV, Ta=0 to +70°C) 


HM6116LP-2 
Item Symbol Test Conditions 
typ 


Input Leakage Current | Tur | Vec=5.5V, Via=GND to Vec 


CS=Vin or OF=Vin, 
Vi-o=GND to Vec 


Tec CS=Vin, Iio=O0mA 


Vin =3.5V, Vi.=0.6V, 
I1-o=O0mA 


Average Operating Current Tcc2 min. cycle, duty = 100% 
Standby Power Supply — 
CS2 


2Vcc —0.2V, Vin@ Vec — 
0.2V or VinS0.2V 


Vou 
Output Voltage Tor=2.1mA 
Vou Tou=—1.0mA 2.4 


HM6116LP-3/-4 


* 


ee 
~3 ~ 
eo 
So 


Eo) 
cc 


oo 


yp 


Output Leakage Current | Ito | 


35 


Ww 
oS 


Operating Power Supply 
Current Teci** 


— 
WS 


4 





Current 


a 
co] 





[Se on 


Lenaes] 
w 
oD 


0.4 


* > Vcc=5V, Ta=25°C 
* * : Reference Only 


MAC CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and C, = 100pF (including scope and jig) 


@®READ CYCLE 


HM6116LP- 2, HM6116LP-3, HM6116LP-4 


Unit 
KA 
HA 
mA 
mA 


mA 
mA 


BHA 


HM6116LP-2 HM6116LP-3 HM6116LP~-4 
Item Symbol Unit 


min | max | min | max | min | max 


A 


Chip Select Access Time | tes | | 120 | 150 | 
Chip Selection to Output in Low Z| tee | 10 | ~— | 1 | — | 


Address Access Time Pe SS ee 
we 
Output Enable to Output Valid | toe 6 6 [| Cd] te 
= 
tom ee 


200 
120 
Chip Deselection to Output in High Z | tevez | 0 | 40 | 


| 50 
Chip Disable to Output in High Z | tone | 0 | 40 | 0 | 50 | 
Output Hold from Address Change | tow =| w | — {| 6 [| - | 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM6116LP-2, HM6116LP-3, 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 
Write to Output in High Z 

Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


Mi CAPACITANCE (f=1MHz, 








Input Capacitance 






Input/Output Capacitance 


TIMING WAVEFORM 
@Read Cycle (1) (1), ¢5) 


Address 


al 


~ 
| 


Dout 


@Read Cycle (2) 


Address 


Dout 


@® Read Cycle (3) 


cs 


Dout 


NOTES: 


116. 


[syaket [Toei Grtisne [op isd 
SP 2 
ee 1 AT 


TA 
ANT 


1 
2 
3: 
4 
5 


HM6116LP-4 


Pek) aan eae ae eer 

a 
ee eee) ees I ee 
Sos aeeh = a see ee 
Saree ee Dg a 
eae we =e ee 
es ee ee eee 
ee 

a ee ee eae 
eo eer ae eee 


Ta=25C ) 







ALLL LL 


tng 


tox 


AV LSAT. 


XK XD 


faz 


tacs 
tcnz 


CV) €2)5 €4)5 (5) 





Ct) C35 C49 (5) 





. WE is High for Read Cycle. | 
. Device is continuously selected, CS = Vz. 


Address Valid prior to or coincident with CS transition Low. 


. OE= Vib. 
. When CS is Low, the address input must not be in the high 


impedance state. 


@Write Cycle (1) 


Address 


S 


S Sah 
" 7] ASA 


toHz 


Dout VN NSN SSS 
lL LLL LS 


Din 


@Write Cycle (2) ‘? 


Address 


twe 
Wa 






HM6116LP-2, HM6116LP-3, HM6116LP-4 


WAAAA 
A 


(1) 


twp 


Fat r(2) 


LIVITILLL 


. YASS 


twuz 


Dout eae 


(3) 
tow 


tou 


(6) (7) 


LVNLNESLS 
\ZAINLAZ 


ELAD LL LALIT LAT 


Din 

NOTES: 1. A write occurs during the overlap (twp) of a 

low CS and a low WE. gar, vsstaits 

2. twr is measured from the earlier of CS or WE 
going high to the end of-write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously 
with the WE low transitions or after the WE 


tow ton 


transition, output remain in a high impedance 
state. = 

. OE is continuously low. (OE = V7z7) 

Dout is the same phase of write data of this 

write cycle. 

a: Dout is the read data of next address. 

8. If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 


ON wr 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


CS2Vec -0.2V, Vin 2 Vec 
Vec=3.0V, CS22.8V, Vin 22.8V or Vin S0.2V 


Vcc for Data Retention DR 
Data Retention Current 
Chip Deselect to Data Retention Time 
Operation Recovery Time 


* 104A max at Ta=0C to +40T, Vi. min=—0,3V 
** trc=Read Cycle Time. 


@Low Vcc Data Retention Waveform 





See Retention Waveform 





Data Retention Mode 


Vor22.0V 


Unit 

—0.2V or V..80.2V Vv 
HA 

eee ie 
fener | = 
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HM6116LP-2, HM6116LP-3, HM6116LP-4 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current Icc,Jccz (Normalized) 
Supply Current Iec,Icce( Norma! ized) 





4.5 4.75 5.0 §.25 5.9 

Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


' Access: Time taa,tacs (Normalized) 
Access Time taa,tacs (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
ACCESS TIME vs. SUPPLY CURRENT vs.. 
LOAD CAPACITANCE FREQUENCY 


Access Time taa,.tacs( Normalized) 
Supply Current Icc2 (Normalized) 





Load Capacitance Cz (pF) Frequency f (MHz) 
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Low Input Voltage Viz(Normalized) 


Output Current Jon( Normalized) 


Standby Current Isa: (A) 


LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 





Output Voltage Vow (V) 


STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


HM6116LP-2, HM6116LP-3, HM6116LP-4 


HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 


High Input Voltage Vrn( Normalized) 





Supply Voltage Vec (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


Output Current Joz{Normalized) 





Output Voltage Voz (V) 


STANDBY CURRENT vs. 
SUPPLY VOLTAGE 


Standby Current Is#i(Normalized) 





Supply Voltage Vec (V) 
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HM6116LP-2, HM6116LP-3, HM6116LP-4 


STANDBY CURRENT vs. 
INPUT VOLTAGE 


Standby Current Isai (mA) 





Input Voltage Vin (V) 
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HM6G11GLFP-2, HMG6G116GLFP-3, 


Preliminary 


HM611GLFP-4 


2048-word X8-bit High Speed Static CMOS RAM 


MFEATURES 

@ High Density Small-sized Package 

@ Projection Area Redueced to One-Thirds of conventional DIP 

@ Thickness Reduced to a Half of Conventional DIP 

@ Single 5V Supply 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 10uW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 


Completely Static RAM: No Clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Equal Access and Cycle Time 

Capability of Battery Back up Operation 


BIFUNCTIONAL BLOCK DIAGRAM 







——2E Vcc 
Row Memory Matrix O GND 
Decoder 
128 X 128 
ie > aan : 
1/00 > 
Data 


Control 


rt . 


1/08 © 


_—— 


MABSOLUTE MAXIMUM RATINGS 


. Item Symbol Rating Unit 


Voltage on Any Pin Relative to GND Vr —0.5*to +7.0 V 
0 to +70 


—55 to +125 


Operating Temperature Toor 


Storage Temperature Tate 


Temperature Under Bias Trias —10 to +85 


SO 1010 


Power Dissipation T 


fi 


* Vix min=—1.0V (Pulse Width S$ 50ns) 


Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. reqarding specifications. 





PIN ARRANGEMENT 





(Top View) 
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HM6116LFP-2, HM6116LFP-3, HM6116LFP-4 


MTRUTH TABLE 


Not. Selected 


eee ee | LO 
capeaticakys | Gnp {| oo {| o | 
Input Voltage - 


* Pulse Width: 50ns, DC: Viz min=—0.3V. 


MDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=0V, Ta=0 to +70°C) 


Item Symbol Test Conditions 
typ* | max | 


Input Leakage Current Vec=9.5V, Vina=GND to Vec 


0 aut L k C t | I | CcS= Vin or OE= Vin, 
u e 
is Beeae nore - Vi,o=GND to Vcc 


CS=Vin, Iro=0mA 


Vin=3.5V, Vit=0.6V, 
I1,o=OmA 


Average Operating Current Min cycle, duty=100% 


~] 
low] 
Coa 
w << 
bo i) o 


| 
Operating Power Supply 
Current Tec ** 


35 


— 


| 

Standby Power Supply — 
CS2Vcc—0.2V, Vin2Vec 

Current Tsar 


* 
8 
—0.2V or V,,50.2V 
Tor=4mA 
Vor 
Output Voltage Tor=2.1mA 
Ton—=—1.0mA 








—_— is 
nD | Oo 


0 
cS 


* ! Vec=5V, Ta=25°C 
* * : Reference Only 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig) 


@READ CYCLE 


Item 


HM6116LFP-2 HM6116LFP-3 HM6116LFP-4 
Symbol 


— 
aon 


Read Cycle Time © tre 


| min | 
| 120 | 200 
Address Access Time } tae fl 
Chip Select Access Time | tues | 
Chip Selection to Output in Low Z 

Output Enable to Output Valid | toe = | 

Output Enable to Output in Low Z 
Chip deselection to Output in High Z 


Chip Disable to Output in High Z | tone =| 


Output Hold from Address Change tou 


00 


max | 
150 
150 
100 20 
5 
50 


ae 
ea 
es 
oe 
0a 
Leo 


o 


| max 
aa 
| 80 
—se 
oO 
ae 
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70 Pin Ref. Cole 
L 


ee 
[ef Write tee iin «dStore 
Pe write tee in Wit Crete 


Unit 


<j<p< 


HM6116LFP-2 HM6116LFP-3/-4 . 


Unit 
HA 
HA 
mA 
mA 


mA 
mA 


BA 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 
Write to Output in High Z 

Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


MICAPACITANCE (f=1MHz, 


Item 
Input Capacitance 


Input/Output Capacitance 


TIMING WAVEFORM 
@READ CYCLE (1)° 


Address 


~ 
| 
Lea 


Dout 


® READ CYCLE Qree- 


Address 


Dout 


@®READ CYCLE (2)‘”°? “?“°” 


Dout 


NOTES: 


TAY 
KA 


HM6116LFP-2, HM6116LFP-3, HM6116LFP-4 


ai 7 
ie eg re oe 

taw 15 6©| — | wo | — | 40 | — | os 
a ORE = eT 
Sie ae 
eo we ee ee 
Ta=25°C ) 
pF 


| 


A 


9 ae A 


ton 


MVTTIZ7 
0 GED 66 


toLz 


— tACS 


tenz 








1. WE is High for Read Cycle 


2. Device is continuously selected, CS= Vyz 
3. Address Valid prior to or coincident with CS 
transition Low. 
4. OE= Viz- 
5. When CS is Low, the address input must not 
be in the high impedance state. 
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@WRITE CYCLE (1) 


@ Write Cycle (1) Notes) 1 


Address 


Dout 


@WRITE CYCLE (2) 


NOTES: 1. 


MLOW Ve 
Vec for Data Retention 


Data Retention Current 


Address 





A write occurs during the overlap (twp): of a 
low CS and a low WE. oie oes 
twr is measured from the earlier of CS or WE 
going high to the end of write cycle. 


. During this period, I/O pins are in the output 


state so that the input signals of opposite 
phase to the outputs must not be applied. 


. If the CS low transition occurs simultaneously 


with the WE low transitions or after the WE 
transition, output remain in a high impedance 









7 (7) 
Sut See he eS ea Aa AAS 
BNZS/NZSZ 


ELA DLTAG AS TL LI LF 


State. 


5. OE is continuously low. (OE = V;z) 
- Dout is the same phase of write data of this 


write cycle. 


- Dout is the read data of next address. 
If CS 


is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 


DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


Iccor 


Chip Deselect to Data Retention Time Ecpr 


Operation Recovery Time 


* Vi. min=—0.3V, 104A max (at Ta=0 to +40 


* * ixc=Read Cycle Time. 


@Low Vcc DATA RETENTION WAVEFORM 
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[Test Conditions [min | 


CS2 Vec—0.2V 
Vin2Vec—0.2V or Vins0.2V 


Vec=3.0V, CS22.8V 
Vin22.8V or Vins0.2V 


! Co 
See Retention Waveform | 
2 
) 


Data Retention Mode 





Unit | 


HA 


ns 


ns 


HM6117P-3, HM6117P-4 — Preliminary — 


2048-word X< 8-bit High Speed Static CMOS RAM 


MFEATURES 

®@ Single 5V Supply and High Density 24 pin Package. 

@ High Speed: Fast Access Time 150ns/200ns (max.) 

@ Low Power Standby and Standby: 100uW (typ.) 
Low Power Operation: Operation: 200mW (typ.) 

@ Completely Static RAM: Noclock nor Timing Strobe Required 

@ Directly TTL Compatible: All Input and Output 

@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 

@ Equal Access and Cycle Time 


MFUNCTIONAL BLOCK DIAGRAM 
















A - (ae 
A2 
dO 
As nee MIPIN ARRANGEMENT 
Ay | \ Row Memory. Matrix “———-@ -GND 
As ' Decoder 128 x 128 
Aé 
A? 
I/O. ¢ 
4 Column 1/0 

ie Input 

V4 Column Decoder 

1 | Data 

! Control z L | 

\ 
/Os€ i 


i ‘ied \: 
| 
| 


WE <isn 


(Top View) 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any: Pin Relative to GND *—0.5 to +7.0 

Power Dissipation 
Operating Temperature 
Storage Temperature 
Temperature Under Bias 


* Pulse width 50ns : —1.0V 


AIO|S|sle| 


MTRUTH TABLE 


Not Selected 







I/O Pin 







Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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HM6117P-3, HM6117P-4 


MERECOMMENDED DC OPERATING CONDITIONS (0°CSTas70°C) 


Saacig-vanewe Veo | TOT V 

ee es V 
Input High (logic 1) Voltage Vin es ae ee ee eee Vv 
Input Low (logic 0) Voltage Vin Pe HOF pn, ee V 


* Pulse width: 50ns, DC : Viee..=—0.3V 


MDC AND OPERATING CHARACTERISTICS (Ta=0T to +70C, Vec=5V+10%, GND=0V) 


Input Leakage Current | Ter | Vin=GND to Vcc 2 Bee eee ee HA 
CE: =Vin or CE2=Vin 
Output Leakage Current | Ino | 10 BA 
Vi,o=GND to Vcc 
Operating P Suppl eae, tases 
Parone oe wey Icc Chi =Ck2=Viz, Iio=OmA mA 
Current : DC 
. Min cycle, duty~100% 
Average Operating Current Icea em ae mA 
CE, =Viz, CEe=Viz 
Standby P Suppl CE: = Vec—0.2V, 
Pe ec ee Tceu* be 0.02 mA 
Current (1): DC Vin2 Vec—0.2V or VinS0.2V 


2 
Standby Power Supply a CE: = Vec—0.2V 9 sail 
Current (2}: DC ; 
Output low Voltage To.=2.1mA ese etalon Sete Om Tl 


Notes :1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) * V timin = —-0.3V 


MECAPACITANCE (Ta=25°C, f=1.0MHz) 


Note) This parameter is’sampled and not 100% tested. 


MBAC CHARACTERISTICS (Ta=0T to +70, Vec=5V+410% unless otherwise noted) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1 TTL Gate and C; =100pF (including scope and jig) 


@READ CYCLE 


Read Cycle Tine Soe aa (Pe ae a a a 
Address Access Time baa Fo 150 f= | 00 ns 
Chip Enable (CE,) to Output | tes Cf ll 150 | 200 ns 
Ghip Enable (CEL) to Outpt se 
Chip Enable (CE,) to Output in Low Z Mn ee ee ns 
Chip Enable (CE:) to Output in Low Z i ee ns 
Chip Disable (CE,) to Output in High Z ae eee eee ee a ee ae ee ns 
Chip Disable (CEz) to Output in High Z a ee ee ee ee ee ee ee eee 
Output Hold from Address Change | te BE ns 
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(Notes 1, 2) 


ERC 


@ TIMING WAVEFORM OF READ CYCLE 





en I 


Address 


tAA tou 


MLL 


—— 


* WE 





anaes 





HM6117P-3, HM6117P-4 


(ILL 


ms Oe 
bs XX OXY 


NOTES: 1. WE is High for Read Cycle. 
2. When CE1 and CE2 are Low, the address 
input must not be in the high impedance 
state. 


@WRITE CYCLE 


ae eae HM6117P-4 
Item Symbol Unit 


Write Cycle Time 
Chip Enable (CE) to End of Write 
Chip Enable (CE,) to End of Write 


as 

fa! 
Address Set Up Time tas po 
Address Valid to End of Write 30 =6| 6 
Write Pulse Width twe ee ee 
Write Recovery Time twr | 615 fll 
Write to Output in High Z | twz of | 
Data to Write Time Overlap tpw a 


Data Hold from Write Time 
Output Active from End of Write 


@ TIMING WAVEFORM OF WRITE CYCLE 


__ twe 








Address 





__tcwl twr 


MAO 
ct:  \\\\\\\S 


twuz ( 


Doit SA AOS 
PL LIL I ALLL ALA PIII TL AA TI LS 








— 





OQ 
a 













tow tDH 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


(7) 


RR ara ave 
VAN AWA 


(8) 
. (keane SO 
in /\ Data In Valid A/V VV 


NOTES: 1 A write occurs during the 


overlap (twp) of low CE,, 
CE, and WE. 

Zi Lis is measured from: the 
address changes to the bigin- puts must not be applied. 
ning of the write. 5. If the CE, or CE, low transi- 

3. twr is measured from the tion occurs simultaneously 
earlier of CE, » CE, or WE with the WE low transitions or 
going high ee dhe end/of after the WE transitions, out- 
write cycle. put remain in a high im- 

pedance state. 


4, During this period, I/O pins 
are in the output state so 
that the input signals of 
Opposite phase to the out- 


dt CE; 


- Dout is the same phase of 


write data of this write 


cycle. 


. Dout is the read data of next 


address. = 

and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,Icc2 (Normalized) 
Supply Current Icc,lec2( Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Tu ''C, 
ACCESS TIME ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Access Time taa,tacs (Normalized) 
Access Time taa,tacs (Normalized) 





Supply Voltage Vee (V) Ambient Temperature Ta '‘C 


ACCESS TIME SUPPLY CURRENT. 
vs. LOAD CAPACITANCE vs. FREQUENCY 


Access Time taa,tacs (Normalized) 
Supply Current Jeco( Normalized) 





Load Capacitance Cz (pF) Frequency f ‘MHz: 


128 


Low Input Voltage Viz(Normatized) 


Output Current Jox(Normalized) 


INPUT LOW VOLTAGE 
vs. SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 





Output Voltage Vow (V) 


High Input Voltage Vry( Normalized) 


Output Current foz( Normalized) 





HM6117P-3, HM6117P-4 


INPUT HIGH VOLTAGE 
vs. SURPLY VOLTAGE 





Supply Voltage Vcc (V) 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 





Output Voltage Vor (V) 
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HM6117FP-3,IM6117FP-4 — Preliminary 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

@ High Density Small Sized Package 

Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 

Single 5V Supply and High Density 24 pin Package. 

High Speed: Fast Access Time 150ns/200ns (max.) 
Low Power Standby and Standby: 100LW (typ.) 
Low Power Operation: Operation: 200mW (typ.) 
Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 
Equal Access and Cycle Time 


MFUNCTIONAL BLOCK DIAGRAM 













Ai ¢ > 2 
Az | —O Vcc 
Aa i 
Ay Row Memory Matrix —o GND 
As : Decoder 

128 X 128 
As 











A? 
l/r ¢ 
Column 1/0 

’ 
14 Column Decoder 
| Data 
! 
| Control a 4 | 
ii [Xx i od TX 

/Ose be | 


' 
I 
1 
f 
Ne w\ 





= (Top View) 
WE ¢ <a ey 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to GND V 
Power Dissipation Pr W 
Operating Temperature os 
Storage Temperature . c 
Temperature Under Bias Ee 


* Pulse width 50ns : —1.0V 


MTRUTH TABLE. 


(70 Fin 
Not Selected 


Not Selected 


Note) The specifications of this device are subject to change without notice. 





Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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MRECOMMENDED DC 


Item 
Supply Voltage 


Input High (logic 1) Voltage 
Input low (logic 0) Voltage 


OPERATING CONDITIONS (0°C<=Ta<70°C) 


HM6117FP-3, HM6117FP-4 


* Pulse width: 50ns, DC? Viiw.=—0.3V 


MDC AND OPERATING CHARACTERISTICS (Ta=0C to +70C, Vec=5V+10%, GND=0V) 


Item 


Input Leakage Current 
Output Leakage Current 


Operating Power Supply 
Current : DC 


Average Operating Current 


Standby Power Supply 
Current (1): DC 
Standby Power Supply 
Current (2): DC 
Output low Voltage 
Output High Voltage 


Symbol 
| Tis | 


V..=GND to Vec 


CE. =Vin or CE, =Vin 
V; o=GND to Vcc 








| fro | 


Tee CE, = CE2= Viz, I; o=OmA 


Min cycle, duty=100% 
CE. =Vin, CE. = Viz 

CE: 2 Vec—0.2V, 
Vin2 Vec—0.2V or VinS0.2V 


lec, 






Tecu* 


CE: 2 Vec~0.2V 


lor =2.1mA 
Tou=—1.0mA 


Ieci2* 


Vor 


Vou 2.4 


Notes: 1) Typical limits are at Vec=5.0V, Ta=+25°C 


2) *® ! View = —0.3V 


MECAPACITANCE (Ta=25°C, f=1.0MHz) 













Input Capacitance 


Input/Output Capacitance 


typ 
3 
5 





Note) This parameter is sampled and not 100% tested. 


‘+ 


See ae a a 
ae: 
po] | 
oe |e | 
a ne 
panes eta 


max 






MAC CHARACTERISTICS (Ta=0C to +70C, Vec=5V+10% unless otherwise noted) 


@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 


@READ CYCLE 


Item 


Read Cycle Time 

Address Access Time 

Chip Enable (CE.) to Output 
Chip Enable (CEz) to Output 
Chip Enable (CE, 
Chip Enable (CE 
Chip Disable ( 








) to Output in Low Z 
CE,) to Output in Low Z 
CE.) to Output in High Z 
Chip Disable (CE2) to Output in High Z 
Output Hold from Address Change ton 


omer! 


Symbol 
tr 
taa 


too 


15 
a 


3 

max 
0 

150 

150 

tco2 150 

10 
10 

70 

70 

15 = 


tize2 


tuzy 


c | 180 
tiz | 10 


tuze 


HM6117P-4 


Ene t Unit 
max 
200 =| — | os 
= 
[=f 0 |e 
| = — | 200 ns 
(te ee oe 
i eS 
ee ee ee 
ns 


13] 





HM6117FP-3, HM6117FP-4 


@ TIMING WAVEFORM OF READ CYCLE 


dae eas 


(Notes 1, 2) 


irc 


LAA tou 


MALL: 


tHz1 


» 
| MLL 





NOTES: 1. WE is High for Read Cycle. 


2. When CE, and CE, are Low, the address 
input must not be in the high impedance 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Enable \CE,) to End of Write 
Chip Enable (CE) to End of Write 
Address Set Up Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


State. 
max 

oe eee ee 
ee eee ee 
en A a a Ga Tae 
See 7 

te nS eee 
eee a a ( 
Sn 
es oe ee ie eae 
ieee Se Se ee ee ee 
eee a ee oe 


@ TIMING WAVEFORM OF WRITE CYCLE 


Address 


QO 


(o>) 
ral 
Ce 


Dout 


NOTES: 1. A write occurs during_ the 
overlap (twp) of low CE,, 
CE, and WE, 

2. t4g is measured from the add- 
ress changes to the biginning 
of the write. 

3. twr is measured from the 
earlier of CE,, CE, or WE 
going high to the end/of 
write cycle. 
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BAS 
AAA 


ae eee eee 


SA a SAAN 
VLILAL TD ALAAT A AIL AAS I AD LLL 


twe 





hh 


~ 
=] 
a 





(7) 
LLNZS/ 
LYN 


iow DH 
( 


8) 
On SS 
os Data In Vatid 


INAININI NLS 


4. During this period, I/O pins pedance state. 
are in the output state so - Dout is the same phase of 
that the input signals of write data of this write 
opposite phase to the out- cycle. 
puts must not be applied., . Dout is the read data of next 
5. If the CE, or CE, low transi- address. 


tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 


. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 


ices Tine: Van pipe Merwaligens Supply Current Icc,Icce (Normalized) 


Access Time taa,tacs (Normalized) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


ACCESS TIME 
vs. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


ACCESS TIME 
vs. LOAD CAPACITANCE 





Load Capacitance Cz (pF 


Supply Current Icc,icc2( Normalized) 


Access Time taa,tacs (Normalized) 


Supply Current Ic¢cz( Normalized) 


HM6117FP-3, HM6117FP-4 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


SUPPLY CURRENT. 
vs. FREQUENCY 





Frequency f (MHz) 
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HM6117FP-3, HM6117FP-4 


INPUT LOW VOLTAGE INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


Low Input Voltage Viz(Normalized) 
High {Input Voltage Vi#( Normalized} 





Supply Voltage Vec (V) Supply Voltage Vcc (V) 
OUTPUT HIGH CURRENT OUTPUT LOW CURRENT 
vs. OUTPUT HIGH VOLTAGE vs. OUTPUT LOW VOLTAGE 


Output Current Jou (Normalized) 
Output Current loz (Normalized) 





Output Voltage Vou (V) Output Voltage Vor (V) 
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HM6117LP-3,iIM6117LP-4 Preliminary - 


2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 
@ Single 5V Supply and High Density 24 Pin Package. 
@ High Speed: Fast Access Time 150ns/200ns max. 


@ Low Power Standby and Low Power Operation; 

Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW (typ.) 

Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 
Equal Access and Cycle Time 

Capability of Battery Back up Operation 


MEFUNCTIONAL BLOCK DIAGRAM 











Al ° > Sarees 
M @MPIN ARRANGEMENT 
A3 i 
As Memory Matrix ——~O GND Voc 
1 
As 128X 128 As 
As 
Ar @ > , 
WE 
1/0i @ CE; 
Cohuanit/O ae 
' 
. Column Decoder ‘- 
| CE 
! TW rt 
! ~~ 17} 1/08 
1/08 @ J Nae 
ae See ) | 
7 ) | 1/06 
CE2 o—4 >e 


I/Os 





WE @ > : 


(Top View) 


Rating Unit 
*—0.5 to +7.0 Vv 
Operating Temperature 0 to +70 


Storage Temperature —55 to +125 


Item Symbol 
Voltage on Any Pin Relative to GND Vr 


—10 to +85 
1.0 


Temperature Under Bias Ties 


BlAIPata 


Power Dissipation 


* Pulse width 50ns? —1.0V 


MTRUTH TABLE 


OD 
mi 
= 
rr} 
= 
° 

a. 
© 


‘: 
Z 
° 
o 
nN 
& 
— 
© 
0 
eS 
© 
Q 


| = Mode Vcc Current 1/O Pin 
| Not Selected | Iceu High Z 
Tecua High Z 
| Read Tec Dout 


Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 


rle|x |} 
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HM6117LP-3, HM6117LP-4 


MIRECOMMENDED DC OPERATING CONDITIONS (Ta=0°C to+70°C) 


We A Oe ew 
Input low (logic 0) Voltage Viz ee ee ee eee V 


* Pulse Width: 50ns, DC: Viinin=—O.3V. 


MIDC AND OPERATING CHARACTERISTICS (Ta=0°C to+70°C, Vec=5V110%, GND=OV) 


O ‘Tee C t lI | CE: = Vix or CE2 = Vin 9 HA 
t 
utput Leakage Curren Lo Vi-0=GND to Vec 
O ting P Suppl wees a 
epee cae ie CE, =CE=Vin, Io=0mA 35 70 iA 
Current : DC ; 
Min cycle, duty=100% 
Standby Power Supply | CE: = Vec—0.2V 
Tecu* 2 HA 
Current (1): DC Vine Vec—0.2V or Vins0.2V 
Standby P Suppl me 
Need air g ae Iecie*: | CRS Veeo0.2V 2 uA 
Current (2): DC 
Saint igh Valier? tae un ya ee ee 
Notes:1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) * > Vitmin=—0.3V 
MECAPACITANCE (Ta=25°C, f=1.0MHz) 
Item Symbol Test Conditions max Unit 


Input Capacitance 


Vin=0V 


Input/Output Capacitance Cro Vi-o=0V 


2) 
z 
= 
i 
a) 
i 
so) 
Fry 


Note 1) This parameter is sampled and not 100% tested. 


MAC. CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10% unless otherwise noted) 
@AC TEST CONDITIONS | 


Input Pulse Levels .. 2... eee ee eee cree eee 0.8V to 2.4V 

Input Rise and Fall Times .....+......008. 10ns 

Input and Output Timing Reference Levels... 1.5V 

Output odd: oie a iis ds eR hER ES CRS 1 TTL Gate and Cy = 100pF (Including Scope & Jig) 


@®READ CYCLE 


so) 
ry 


; HM6117LP-3 HM6117LP-4 a 
ae | min fmin | max | 
max 
Chip Enable (CE:) to Output in Low Z fin | to S| COC | tf | ts 


& 
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@ TIMING WAVEFORM OF READ CYCLE 


Address 


ral 
sa 


S—_. 


Sa \ 


(Notes 1, 2) 


tRc 


HM6117LP-3, HM6117LP-4 


A 









LLL 


cae ae 


MM 





a OK oawvs KY 


NOTES: 


1. WE is High for Read Cycle. 


2. When CE, and CE, are low, the address input must not be in the 
high impedance state. 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Enable (CE) to End of Write 
Chip Enable (CE:) to End of Write 
Address Set Up Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


@ TIMING WAVEFORM OF WRITE CYCLE 


NOTES: 


Address 


twe 





HM6117LP-3 HM6117LP-4 ; 
Unit 


See FO” a SR ee 
Ltn fie ae as 
go | — | ws 
og ee tl ee 
a a eS 

wo [| [as 
sie on 


pas 
ee 
eg 


ns 








Se (3) 
WK 


a mm 
. —— ae 
eras 


Dat SOO 
ESAT IT III AIT L TS LIPID LILI LTS 


1 A write occurs during the 


overlap (twp) of low CE,, 
CE, and WE. 


. tags is measured from the 


address changes to the bigin- 
ning of the write, 


- twr is measured from the 


earlier of CE,, CE, or WE 


going high to the end/of 
write cycle. 


. If the CE, or CE, 


are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
pedance state. 


8. 


oe (7) 
DN VAN AE 
ZVYVNAA 


Data In Valid / 


4, During this period, I/O pins 


WAAAY 
MAA AVA 


Dout is the same phase of 
write data of this write 
cycle. 

Dout is the read data of next 
address. — 

If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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MLOW Vic DATA RETENTION CHARACTERISTICS (Ta=0°Cto +70°C ) 


or Vata he on 
cc enti DRI Vin2= Vec—0.2V or VinS0.2V 


Vcc for Data Retention Vor2 CE: 2 Vec—0.2V 


Data Retention Current Iccpri 


Ee) 
La 


Chip Deselect to Data Retention Time tcor 
See Retention Waveform 
Operation Recovery Time 


Vec=3.0V, CE\22.8V, 
Vin22.8V or VinsS0.2V 


* 10vA max at Ta=O0'C to +40°C, Viz min=—0.3V 
** tegc=Read Cycle Time 


@LOW Vcc DATA RETENTION WAVEFORM 
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Supply Current Icc,Jcc2(Normalized) 


Data Retention Mode __ 













Vec 


Vor 2 2.0V 







CE. or CE22 Vor—0.2V 


NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Dy 
buffer. If CE, controls data retention mode, Vin level (address, 
(WE, CE,, Dyjo) can be in the high impedance state. If CE, 
controls data retention mode, Vin level (address, WE, DE, 
Dj) must be Vin 2 Voc—0.2V or Vin § 0.2V.. 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Ice,fce2 (Normalized) 





Supply Voltage Vcc (V) Ambient Temparature Ta (°C) 


Unit 


MA 


HA 
ns 


ns 





Access Time taa,tacs (Normalized) 


Access Time taa,tacs (Normalized) 


Low Input Voltage Vii(Normalized) 











ACCESS TIME vs. 
SUPPLY VOLTAGE 


Access Time taa,tacs( Normalized) 


Supply Voltage Vcc (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


Supply Current Icce (Normalized) 


Load Capacitance Cz (pF) 


INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 


High Input Voltage Vix( Normalized) 


Supply Voltage Vcc (V) 


HM6117LP-3, HM6117LP-4 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. 
FREQUENCY 





Frequency f (MHz) 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 
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HM6117LP-3, HM6117LP-4 


OUTPUT HIGH CURRENT OUTPUT LOW CURRENT 
vs. OUTPUT HIGH VOLTAGE vs. OUTPUT LOW VOLTAGE 


Output Current Jo#(Normalized) 
Output Current Ioz{Normalized) 





Output Voltage Vow (V) Output Voltage Vo. (V) 
STAND-BY CURRENT vs. STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


CE2=2.8V 


Standby Current Iss (A) 
Standby Current /sa1(Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vec (V) 
STAND-BY CURRENT vs. STAND-BY CURRENT vs. 
INPUT VOLTAGE INPUT VOLTAGE 


Standby Currect Icczz {Normalized) 
Standby Current /ccx2 {Normalized} 





Input Voltage Vin (V) Input Voltage Via (V) 
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HM6117LFP-3, HM6117LFP-4—_— 


Preliminary 
2048-word x 8-bit High Speed Static CMOS RAM 


MFEATURES 

High Density Small-sized Packaged 

Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 

Single 5V Supply 

High Speed: Fast Access Time 150ns/200ns max. 
Low Power Standby and Low Power Operation; 

Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW (typ.) 





@ Completely Static RAM: No clock nor Timing Strobe Required 

@ Directly TTL Compatible: All Input and Output 

@ Pin Out Compatible with Standard 16K EPROM/MASK ROM (FP-24) 

@ Equal Access and Cycle Time 

@ Capability of Battery Back up Operation BPIN ARRANGEMENT 


MFUNCTIONAL BLOCK DIAGRAM 










Ai » Ces 
Az —-9 Vcc 
A; 

Memory Matrix ——~@ GND 


128 X 128 










aie 
1/0i ¢ 
F Column 1/0 
‘ Column Decoder 
| Data 
Control a g n 
1! y id ‘x | 
vom . 
ae aes , | 
2 | 


La 


= LIN 
CE] ¢ =, z rf 
<i: 


WE ¢ 
MABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 


Voltage on Any Pin Relative to GND V 
Operating Temperature °C 
Storage Temperature Cc 
Temperature Under Bias x @ 
Power Dissipation W 


* Pulse width 50ns : —1.0V 


MTRUTH TABLE 


_~ 


WE 70 Fin 
Not Selected High Z 
High Z 


L Write Din 


riclx{xlQ 


Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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HM6117LFP-3, HM6117LFP-4 


HSRECOMMENDED DC OPERATING CONDITIONS (Ta=0°C to+70C) 


Cad 
< 
Cc 


on 
on me) 
on 
on 


Ol Ol et 


Supply Voltage 


input High Cowie 1) Voge 
Input low (logic 0) Voltage Vin 


* Pulse Width: 50ns, DC? Vizw..=—O0.3V. 


w 


Unit 


MIDC AND OPERATING CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10%, GND=0V). 


ies Sra 
Input Leakage Current | Ter | Vin=GND to Vec 


CE, = Vin or CE = Vinx 


typ 





Output Leak Cc t I 
utpu ‘i age Curren | ro | V;.0=GND to Vec 
erating Power Suppl if « Se 
Speneting Kovicn une ie CE, =CE:=Vin, Ir-o~OmA 35 
Current : DC 
Min cycle, duty=100% 
Average Operating Current Tec 










CE: =Viz, CE2 = Vin 
CE: 2 Vec—0.2V 
Vine Vec—0.2V or VinS0.2V 


Standby Power Supply 
Current (1): DC 
Standby Power Supply 
Current (2) :.-DC 
Output low Voltage 
Output High Voltage 





on 


Iccu* 


Iccx2* CE22 Vec—0.2V 


Vor Ior=2.1mA 
Von lon =—1.0mA 2.4 


a) 
on ~~ ~ 


Notes: 1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) ® 2 Virws=—0.3V 


MECAPACITANCE (Ta=25°C, f=1.0MHz) 


Item Symbol typ 
Input Capacitance Vin=0V 3 5) 
Input/Output Capacitance 


Note: 1) This parameter is sampled and not 100% tested. 


i 
> 
rad 


MBAC CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10% unless otherwise noted) 
@AC TEST CONDITIONS 


Input Pulse Levels ...---.-- eee eee eee 0.8V to 2.4V 

Input Rise and Fall Times ....---....-00: 10ns 

Input and Output Timing Reference Levels... 1.5V_ 

Output dad 5 cine Gane see a eee eee 1 TTL Gate and C= 100pF (Including Scope & Jig) 


@READ CYCLE 


HM6117LFP-3 HM6117LFP-~-4 
Item Symbol Tomin | 


min a 


ae 
Read Cycle Time | tee dE 0 | 20 
Address Access Time — ee ee ee ee eee 200 
Chip Enable (CEz) to Output ee ee ee ee ee ee 
Chip Enable (CE:) to Output in Low Z ee ee ee ee ee 
Chip Enable (CEz) to Output in Low Z a ee ee ee ee ee ee 
Chip Disable (CE) to Output in High Z ee ae ee ee ee ee a ee ee 
Chip Disable (CEz) to Output in High Z a ee a ee ee ee 
ee ee ae Ce ae 


Output Hold from Address Change 


— 
or 
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3 
» 


Unit 
HA 


BA 


mA 


mA 


LA 


HA 


Unit 
pF 
pF 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


@® TIMING WAVEFORM OF READ CYCLE 


HM6117LFP-3, HM6117LFP-4 


(Notes 1, 2) 


ERC 


CY 


tL2Z1 


Address 






tox 


MULL. 


tHz1 


os 
MMM 









dade \\\\ oa 


NOTES: 1. WE is High for Read Cycle. 
2. When CE, and CE, are low, the address input must be in the high 
impedance state, 


@®WRITE CYCLE 


Write Cycle Time 
Chip Enable (CE) to End of Write 
Chip Enable (CEz) to End of Write 


HM6117LFP-4 


max 


Unit 


Item 


HM6117LFP-3 
Symbol 
ax 


(ea ca ae 
ee Ie 
Pare 
i 


ns 


ns 


ns 


200 
120 
130 

20 


Address Set Up Time tas fe ns 
Address Valid to End of Write taw 130 ns 


Write Pulse Width 100 ns 
Write Recovery Time twr 5 ns 


Write to Output in High Z 

Data to Write Time Overlap 
Data Hold from Write Time tou 
Output Active from End of Write 


~ 
So 


ns 


ns 


ns 


= 
x 
N 

— 
— | HO we | BO 
o};]o a) 


ns 


@ TIMING WAVEFORM OF WRITE CYCLE 


NOTES: 


i 





Address 


& YO‘ ‘ais 
cc \\\\\\\S j 


= 


SAA a AS 
CLI AID ALA SALLI LED LL ELLA TS 




















'Z 
Ms 


Dout 


WAY VAN 
(8) 


; OX or RRR 
rig Data In Valid ALVIN NS 


pedance state. 


tow tDH 


A write occurs during the 4, During this period, I/O pins 


overlap (twp) of low CE,, 
CE, and WE. 

2. tas is measured from the 
address changes to the bigin- 
ning of the write, 

3. twr is measured from the 
earlier of CE,, CE, or WE 
going high to the end/of 
write cycle. 


are in the output state so 6. 


that the input signals of 
opposite phase to the out- 
puts must not be applied. 


5. If the CE, or CE, low transi- 


tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 


~~ 


- 


Dout is the same phase of 
write data of this write 
cycle. 

Dout is the read data of next 
address. ee 

If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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HM6117LFP-3, HM6117LFP-4 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0'Cto +70°C ) 


CE: 2 Vec—0.2V, 

Vin2 Vec—0.2V or VinS0.2V 
Vec for Data Retention Vorz CE2 2 Vec—0.2V 
Vec=3.0V,-CE, 22.8V, 
Vin22.8V or VinS0.2V 


Data Retention Current Iccpre Vec=3.0V, CE:2Vec—0.2V 


Chip Deselect to Data Retention Time EcorR 
See Retention Waveform 
Operation Recovery Time 


* 104A max at Ta=0°C to +40°C, Vic min=—0.3V 
** taomRead Cycle Time 


Vec for Data Retention Vori 









Data Retention Current | Tccpri 


@LOW Vic DATA RETENTION WAVEFORM 


Data Retention Mode 












tcpr ‘aad Vor 22.0V 4.5V tr 
CE) i 9.2 oe or CE22 Vor—0.2V 20 \\\\’DM\[MN 
CE2 Vin Vit 





NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Din 
buffer. If CE, controls data retention mode, Vjy level (address, 
WE, CE, , Dj/o) can be in the high impedance state. If CE, con- 


trols data retention mode, Vy level (address, WE, CE,, Do) 
must be Vyn 2 Voc—0.2V or Vin $ 0.2V. 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,Icc: (Normalized) 
Supply Current /cc,/Jcec2 (Normalized) 





45 4.75 5.0 5.25 5.5 
Supply Voltage Vcc (V) Ambient Temparature Ta (°C) 
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Unit 


HA 


BA 
ns 


ns 





Access Time taa,tacs (Normalized) 


Access Time taa,tacs (Normalized) 


Low Input Voltage Viz(Normalized) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 





Supply Voltage Vee (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


1.6 
Ta=25C 
Vcc = MIN 


100 200 300 400 500 






Load Capacitance Ci (pF) 


INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


Access Time taa,tacs( Normalized! 


Supply Current Icce (Normalized) 


High Input Voltage Via (Normalized) 


HM6117LFP-3, HM6117LFP-4 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C} 


SUPPLY CURRENT vs. 
FREQUENCY 





Frequency { (MHz) 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


145 


HM6117LFP-3, HM6117LFP-4 


OUTPUT HIGH CURRENT OUTPUT LOW CURRENT 
vs. OUTPUT HIGH VOLTAGE _vs. OUTPUT LOW VOLTAGE 


Output Current Jou#({Normalized) 
Output Current Joz(Normalized) 





Output Voltage Vou (V) Output Voltage Vor (V) 
STAND-BY CURRENT vs. STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Vec=3V 
CE2=2.8V 


Standby Current Isai (A) 
Standby Current Isai(Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 
STAND-BY CURRENT vs. STAND-BY CURRENT vs. 
INPUT VOLTAGE INPUT VOLTAGE 


Standby Currect Icczt2 (Normalized) 
Standby Current Iccz2 (Normalized) 





Input Voltage Vin (V) Input Voltage Vis (V) 
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HM6167,HM6167-6,HM6167-8,—— 
HM6167P,HM6167P-6,HM6167P-8 


16384-word x1-bit High Speed Static CMOS RAM 


MIFEATURES HM6167, HM6167-6, 
@ Single +5V Supply and High Density 20 Pin Package HM6167-8 
@ Fast Access Time — 70ns/85ns/100ns 
@ Low Power Stand-by and Low Power Operation 

Stand-by 25mW Typ. and Operating 150mW Typ. 
Completely Static Memory ..... No Clock nor Refresh Required 
Fully TTL Compatible — All Inputs and Output 
Separate Data Input and Output......... Three State Output 
Pin-Out Compatible with Intel 2167 Series 


WBLOCK DIAGRAM 


(DG-20) 


ice HM6167P, HM6167P-6, 
HM6167P-8 
<—— GND 










Memory Array 
128 X 128 


Row 
Select 






Column 1/0 


{DP-20) 





MPIN ARRANGEMENT 


Item Symbol 


[Symbol |Rating 
Terminal Voltage with Respect to GND | vr | 0.5 to $7.0 | 
Power Dissipation 
Operating Temperature | Tor | Oto +70, 
Storage Temperature( Plastic) | Tue | 85 to +125 | 

[= 85 to +150 


Storage Temperature(Ceramic) Toes —65 to +150 


MIRECOMMENDED DC OPERATING CONDITIONS 
(0°CSTaS70C) 





(Top View) 
Supply Voltage 


Input High Voltage 


Input Low Voltage 





Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V£10%, Ta=0T to +70) 


Input Leakage Current [Ini | Vec=5.5V, Vin=0V~Vec 


Tio| CS=Vin, Vour=0V~ Vec 
CS=Viz, Output Open 


Coa 
nd 
no) 


Output Leakage Current 





min | max | 
ee 
i ee ee 
Operating Power Supply Current | ec | — | 3 | 6 | 
te |CS-vw = | 

Standby Power Supply Current CS =Vec—0.2V 
SP | 0.2 or 2Vec—0.2V p= fom | a 


Note) Typical limits are at Vec=5.0V, Ta=25T and specified loading. 


MAC TEST CONDITIONS 


Output Load A Output Load B 
Input pulse levels: GND to 3.0V +5V (for taz, trz, twz & tow) 
Input rise and fall times: 5 ns +5V 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V aa 4809 
Output load: See Figure Doar 

255Q 30pF* Dout 
2552 anes 


* Including scope and jig. 


MICAPACITANCE (Ta=25C, f=1.0MHz) 







Input Capacitance 
Output Capacitance 


Note) This parameter is sampled and not 100% tested. 
eo 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0C to 70°C, unless otherwise noted. ) 


@READ CYCLE | 
HM6167, HM6167P HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8 


Item Symbol 


Read Cycle Time 


Address Access Time 


irc 

laa 
Chip Select Access Time tacs 
Output Hold from Address Change tou 
Chip Selection to Output in Low Z tiz 
Chip Deselection to Output in High Z tuz 
Chip Selection to Power Up Time teu 


Chip Deselection to Power Down Time 


jim [vin | ma | in 
a eee ee 
ere rete 
ee 
fee el es 
aes ee 
po | oe | wo | 
ee es 
eal eee 
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Unit 
KA 
KA 
mA 
mA 


mA 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6167, HM6167-6,HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


@WRITE CYCLE 


HM6167, HM6167P HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8 
Item Symbol Unit 
ax 


[min [mae [min | max | in| max 
Write Cycle Time twe om | -— | 3 f =| 100 fo | ns 
Chip Selection to End of Write tow | 55 | — | 6 | — | & | — | ns 
Address Valid to End of Write taw a ee ee ns 
Write Pulse Width iwe ) 4 f — | ow | = | 55 | | ns 


| 85 
Data Valid to End of Write | tow | 30 | — | 3 | — | o | -— | ns 
Write Enable-to-Output-in High Z eee 
OutpubAttivesttom End of Write i Foo | = | oo | = | of = | a 


@ TIMING WAVEFORM OF READ CYCLE NO.1””” 


Data Out Previous Data Valid UX 


/\ 


Address 












Data Valid 






@ TIMING WAVEFORM OF READ CYCLE NO.2””) 


High Impedance 
Data Out 


Veco Supply 


Current 


NOTES: 1. WE is high and CS is low for READ cycle, __ 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +550mV from steady state voltage with 
specified loading in Figure B. 


@ TIMING WAVEFORM OF WRITE CYCLE 


SSS 
© VV ZV 
. YS 


———— sas 
Data In al Data In Valid |) 


Data Out Data Undefined 
High Impedance 


NOTE: 1. Transition is measured +500mV from steady state voltage with 
specified loading in Figure B. 
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HM6167LP, HM6167LP-6G, 
HM616G7LP-S 


16384-word <x1-bit High Speed Static CMOS RAM 


MFEATURES 
@ Single +5V Supply and High Density 20 Pin Package 
@ Fast Access Time.......-2-.0cccevcevees 70ns/85ns/100ns 


@ Low Power Stand-by and Low Power Operation 
Stand-by 5uW (typ) and Operating 150mW (typ.) 
Completely Static Memory. ..... No Clock or Refresh Required 


Fully TTL Compatible.............. All Inputs and Output 
Separate Data Input and Output ......... Three State Output 


Capable of Battery Back up Operation 


MBLOCK DIAGRAM 


(DP-20) 





— Vec 
<— np MIPIN ARRANGEMENT 










Memory Array 
128 X 128 


Row 
Decoder 








Column [/0 
Column Decoder 


MABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 
Terminal Voltage with Respect to GND V 
; 
: 
: 





(Top View) 


Power Dissipation P. 


Operating Temperature 


Vr 
T 
Tops 
Tote 


Storage Temperature 


Mi RECOMMENDED DC OPERATING CONDITIONS (0°C STaS70°C) 


Supply Voltage 
po ON hd 
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HM6167LP, HM6167LP-6, HM6167LP-8 


HIDC AND OPERATING CHARACTERISTICS (Vec=5V +10%, Ta=0~+70°C ) 


Item | Symbol | ____—Test Conditions |_min|_typ_| max] Unit 
a (an Ln 
Standby Power Supply Current CS =Vec—0.2V 
Isai 1 HA 
pte VinS0.2V or 2Vcc—0.2V Ser 
Output Low Voltage To. =8mA Fo = | = | o4 fo iv 
Output High Voltage Tou = —4mA | o24 | -— | = | Vv 
Note) Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 
MAC TEST CONDITIONS 
Input pulse levels: GND to 3.0V output sale Phaeton ame 


+ 
wn 
< 


input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 4802 
Output load: See Figure | Dout 4802 
2550 30pF* Dout 
255Q mpm SPF * 


* Including scope and jig. 


MECAPACITANCE (Ta=25°C, f=1.0MHz) 






Conditions 






Input Capacitance 





Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta=0°C to +70C, Vec=5V+10%, unless otherwise noted. ) 
@®READ CYCLE 


min 
Address Access Time taa fF — | wm | — | 8 | = | 100 | ns 
Chip Select Access Time tacs | — | 7m | — | 8 | — | 100 | ns 
Output Hold from Address Change tou Fo o5 | — | 5 | =— | 5 fo =| ns 
Chip Selection to Output in Low Z tiz | 5 {| — | 5 | - | 5 | - | ns 
Chip Deselection to Output in High Z tuz Foo 6 | 30 flo fl Yl ns 
Chip Selection to Power Up Time teu Foo | — | o | — | of = | ns 
Chip Deselection to Power Down Time tpp Fo = | 3 | -— | 4 | — | 4” ns 
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HM6167LP, HM6167LP-6, HM6167LP-8 —— 


@WRITE CYCLE 





Item Unit 
pin | max | min max | min max _| 

Write Cycle Time | 7m | — {| 8 [| — | 100 a ns 
Chip Selection to End of Write ee ee ns 
Address Valid to End of Write | os | — | 6 | — | 8 | — | as 
Data Valid to End of Write er ae owe 
Write Enable to Output in High Z | oo | 3 | o | {| o | «0 | ns 
Output Active from End of Write tow Foo | =f 0 Jf = | oo f = | ns 


@ TIMING WAVEFORM OF READ CYCLE NO.1"” 


tre 






Address 


Data Out i i Data Valid 


@ 









cs 
High Impedance \/ \/ : High Impedance 
Data Out /\ A 4 
Veo Supply TTT 


Current 


NOTES: 1. WE is high and CS is low for READ Cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3, Transition is measured +500mV from steady state voltage with 
specified loading B. 


@ TIMING WAVEFORM OF WRITE CYCLE 


. 

SS 
: Wh 
= a 


Data Out Data Undefined 


tox 
tow 


High Impedance 
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HM6167LP,HM6167LP-6, HM6167LP-8 


MILOW Vcc DATA RETENTION CHARACTERISTECS (Ta=0'C to 70°C) 







Parameter Symbol Test Condition | min | typ max Unit 
Data Retention Current Iccpr LA 
Chip Deselect to Data Retention Time OVSV,,50.2V Oe see lh ee dl ns 
4B tre=Read Cycle Time * Vec=2.0V 
** Vec=3.0V 


MLOW V.c DATA RETENTION WAVEFORM 


Data Retention Mode 





Vee 
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MOS 
DYNAMIC 
RAM 








HM4 716A-1, HM4'716A-2, 
HM4 716A-3, HM4 716A-4, 
HM4 71GAP-1, HM4'716AP-2, 
HM4 716GAP-3, HM4 716GAP-4 


16384-word x 1-bit Dynamic Random Access Memory 
The HM4716A is a 16,384 word by 1 bit MOS random access 
memory circuit fabricated with HITACHI’s double poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4716A uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. Multiplexed address inputs permit the HM4716A to be 
packaged in a standard 16 pin DIP on 0.3 inch centers. This package 
size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment, The HM4716A 
is designed to facilitate upgrading of the 16-pin 4K RAM. However, 
the data output latch incorporated in the present 4K design is not 
appropriate for 16K RAM’s. This new generation of memory 
products (16K RAM’s) requires a slightly modified output stage to 
allow more system flexibility. Instead of the conventional latch, the 
HM4716A output is controlled by the Column Address Storobe 
(CE). Data out of the HM4716A will remain valid from the access 
time from the Column Address Strobe until CE goes into precharge 
logic 1). However, in early write cycles (W active low before CE goes 
low), the: data output will remain in the high impedance (open- 
circuit) state throughout the entire cycle. This type of output 
operation results in some very significant system implications. 


1. Common I/O Operation 

If all write operation are handled in the “‘early write’’ mode, then 
data in can be connected directly to data-out on a printed circuit 
board. 

2. Data Output Control 

Data will remain valid at the output during a read cycle from 
TCELQV until CE returns to precharge. 

This allows data to be valid from one cycle Jup until anew memory 
cycle begins. 

3. Two Methods of Chip Selection 

Both CE and/or RE can be decoded for chip selection. 

4. Refresh 

Refreshing can be accomplished every 2 ms by either of the two 
following methods: 

(1) normal read or write cycles on 128 addresses, AO to A6. | 

(2) RE only cycles on 128 addresses, AO to A6. 

A write cycle will refresh stored data on all bits of the selected row 
except the bit which is addressed. 

RE only refreshes results in a substantial reduction in operating 
power. 

5. Page Mode Operation 

The HM4716A is designed for page mode operation. 


156 


HM4716A-1, HM4716A-2, 
HM4716A-3, HM4716A~-4 


HM4716AP-1, HM4716AP-2, 
HM4716AP-3, HM4716AP-4 





(Top View) 


Old | New Definitions 
Ao-Aé AOQ-A6 | Address Inputs’ 


Column Address 


Strobe 
(pe 
PO cee: 





Din Data In 
Dour Data Out 
stats Row Address 
RAS RE 

Strobe 
WRITE Read/Write Input 
Vas Power (—5V) 
Vec VCC Power (+5V) 
Voo Power (+12V) 
Vss VSS Ground 


HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, 
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 





@ FEATURES 
® All Inputs Including Clocks TTL Compatible @ Maximum Access Time 
@ Input Latches for Address and Data in HM471GA-1 .. 2-62 eee eee ce eeee 120ns 
® Three-State TTL Compatible Output HM471GA-2 2. cece ene wees 150ns 
@ Common 1|/O Capability HM4716A-3 .....--.--- Hawa tes axeean 200ns 
@ Only 128 Refresh Cycles Required Every 2ms HM4716A-4 .....---+26- Seven 250ns 
® Standard Power Supplies +12V, +5V, —5V @ Read or Write Cycle Time 
(All with 10% tolelance) HM471GA-1 .. 0-2 eee eee ee ee eee 320ns 
HM471GA-2 22. cece ee cee ewe ees 320ns 
HM4716A-3 ..- 2c eee ee te tees 375ns 
HMA 7 1G Ai ecie e owe ae 410ns 
MIFUNCTIONAL BLOCK DIAGRAM - 
W D 














Generator No.1] 


Write 
Clocks 















Column Decoders 


Column oo 
Address Latch 


ee ee ETS 
eh Row Decoders 


Address Latch 









Mi ABSOLUTE MAXIMUM RATINGS 


Voltage on any Pin Relative to VBB .........0- cece wees -0.5V to +20V 
Voltage on VDD, VCC Supplies Relative to VSS........... -0.5V to +15V 
Voltage on O Pin Relative to VSS ---- eee e ee eee eee eens -0.5V to +10V 
Operating Temperature, TA (Ambient) --- +--+ see eee eee. 0°C to +70°C 
Storage Temperature (Ambient)*- +--+: - esse ee eee eee eee -65 C to +150°C 
Short-Circuit Output Current: +--+ seen eee ree ee eee 5OmA 

Power Dissipation: +--+ eset cere cece cere e eee e eens 1W 


* In case of HM471G6AP Series are -55°C to +125°C. 


HM RECOMMENDED DC OPERATING CONDITIONS (TA=0 to +70°C) 


YD 2 
Saad : |vec | 45 | 5.0 | 55 | vo | , 
ae ee ee ee ee) 
ee | VBB | ~4.5 | —5.0 | -5.5 | Vv 
Input High (logic 1) Voltage All inputs except RE, CE, W VIH | 24 [ — | 65 | vi | | 
Input Low (logic 0) Voltage all inputs VIL eo eS ee a 1 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, 
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 


MDC ELECTRICAL CHARACTERISTICS 
(Ta=0 to +70°C, Voo=12V+10%, Vec=5V+£10%, Ves= —5V+£10%, Vss=0V) 


Parameter 


OPERATING CURRENT 

Average Power Supply Operating Current 
(RE, CE Cycling; TRELREL=375ns) 
STANDBY CURRENT 

Power Supply Standby Current 

(RE=CE = Vinc) 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RE Cycling, CE = Vinc; TRELREL=375ns) 
PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 


(RE= 


Vir, CE Cycling; TCELCEL=225ns) 


INPUT LEAKAGE 
Input Leakage Current, any Input (Vss=—5V, Viv=0 to +7V, 


all other pins not under test =0V) 

OUTPUT LEAKAGE 

Output Leakage Current (Q is Disabled, Vour=0 to +5.5V) 
OUTPUT LEVELS 

Output High (Logic 1) Voltage (Jovr=—5mA) 

Output Low (Logic 0) Voltage (Jour=4.2mA ) 


NOTES 


1. 
im 


3. 


Dn 
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All voltages referenced to VSS, VBB must be applied 
before and removed after other supply voltage. 
Current depend on cycle rate: maximum current is 
measured at the fastest cycle rate. 

ICC depends upon output loading. The VCC supply is 
connected to the output buffer only. 

Output voltage will swing from VSS to VCC when 
activated with no current loading. For purposes of 
maintaining data in standby mode, VCC may be 
reduced to VSS without affecting refresh operations 
or data retention. However, the VOH (min) specifica- 
tion is not guaranteed in this mode. ‘ 

ICC2, ICC3 and IOL consists of leakage current only. 
AC measurements assume TT = 5Sns. 

VIHC (min) or VIH (min) and VIL (max) are 
reference levels for measuring timing of input signals. 
Also, transition times are measured between VIHC or 
VIH and VILS. 

Assumes that TRELCEL = TRELCEL (max.) If 
TRELCEL is greater than the maximum recommended 
value shown in this table, TRELQV exceeds the value 
shown. 

Assumes that TRELCEL = TRELCEL (max). 
Measured with a load circuit equivalent to 2TTL loads 
and 100pF (in case of HM4716A-2:1 TTL and 50pF). 
And VSS + 0.8V, VSS + 2.0V are the reference level 
for measuring timing of Q. 


lene] 
wo 
& 
~ 


— 


1 


bb 
a 


— 
> 


_— 


1. 


2; 


Symbol | max | Unit Notes 
Too: 2 
Ize) 300 A 2 


Tpp2 m 


> 
on 


— 
poet | 
oj;un 


Icc2 


_ 
> 
So 
> 


Izp2 


| 
° 


3 
> 
no 


Tops 


| 
— 
oO 
> 
on) 


Iccs 


ww 


00 


Iee3 


= | 


~~ R ~ RIT RL R ss S 
< > > > | > > > 
nw 


Ipps 


les 

| 300 
lect See ee 3 
Vou Vec 4 


TCEHQZ (max) defines the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

Operation with the TRELCEL (max) limit insures that 
TRELQC (max) can be met TRELCEL (max) is 
specified as a reference point only; if TRELCEL is 
greater than the specified TRELCEL (max) limit, then 
access time is controlled exclusively by TCELQV. 
These parameters are reference to CE leading edge in 
early write cycles and to W leading edge in delayed 
write or read-modify-write cycles. 

TWLCEL, TCELWL and TRELWL are not restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only: if TWLCEL = 
TWLCEL (min), the cycle is an early write and the 
data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if TCELWL = TCELWL 
(min) and TRELWL will contain data read from the 
selected cell; if neither of the above sets of conditions 
is satisfied the condition of the data out (at access 
time) is indeterminate. 


15. Capacitance measured with Boonton Meter or effec- 


tive capacitance measuring methods.) 


16. CE= VIHC to disable Q. ' 


HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, 
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP- 4 


MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vop=12V£10%, Vec=5V+E10%, Vss=OV, Veae=—5V+10%) 


Parameter 


Random Read or Write 
Cycle Time 

Read-Write Cycle Time 
Page Mode Cycle Time 


Access Time From RE 


Symbol HM 4716A-1 HM 4716A-2 HM 4716A-3 HM 4716A~-4 
Unit | Notes 
ax 


| Old | New | min | max | min | max | | min | im 
Soe ce cere 
| tec |TRELREL | 320 | —| 320 | —| 375 | ~| 515 | —| ns |8 


Tie | teencer | i | —| 10 | —| 2 | —| 25 | —| ne 
Tine [TRELQV | - | wo — | 10| —| a0; - | 250 | ns [a0 
0 


Output Buffer Turn-off 4 70 11 
Delay torr | TCEHQZ 5 50 
(Rise and Fall ) 
RE Precharge Time | tee |TREHREL | 100 | —| 100 | —| 120 | —| 150 | —| ns | 
RE Pulse Width |_tms_|TRELREH | 120 | 10000 | 150 | 10000 | 200 | 10000 | 250 | 10000 | ns | 
RE Hold Ti Comm [rorunew| ao | — Po psf aes |) a 
CE Pulse Wid Mics pToecen | — a0 | 10000 | 100 | Too00 | 135 Too00 | 168 | T0000 | ns | 
RE to CE Delay Time | taco |TRELCEL| 15 | 40 | 25 | 50 | 30 | | 40 | 85 | ns | 12 
Column Address Hold Time | tev |TCELAX | 40 | —| 4 | -| 5 | ~| % | —| as | 
cornea p-[*] -| | =p) -p= 
nine tar TRELAX 120 
Reference to RE 
Read Command Hold Time | tecy |TCEHWL | 0 | —| 2 | —| 2 | ~| | =| as | 
Write Command Hold Time | twov |TCELWH | 40 | ~| 4 | —| 55 | ~| 7% | —| ns | 
rennet | te [teste | wm || || | =) || oe 
aes twee | TRELWH 95 120 160 
Reference RE 
tae [ime [twenen | we | -| @ | -| #] -| | -| = 
; tewe. | TWLREH 100 
Lead Time 
tow TWLCEH 100 
Lead Time 
oe eee 
Referenced RE 
ae ooo cece 
Page-mode Cycle Only) 
W Command Setwp Tine | ter [TwLesk | 0] |= | —| «| -[-»| | «| 1 
RE to W Delay [two [TRELWL | 100 | —] 120 | —| 160 | -| 200 | | ns] u 
RE Precharge to TREHCEL 
CE Hold Time iis 


MAC ELECTRICAL CHARACTERISTICS 


Input Capacitance (Ao-As  D) ae i ee ee Ce ce 15 
Output Capacitance (Q) Peeps hectare te et aia I = al 15, 16 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 


TIMING WAVEFORMS 
@READ CYCLE 








TRELREL 


ALLL 


a ML, 





VIHC 
VIL 


VIHC 


VEL. 





MLL) 


V1H 
ADDRESSES 
VIL 


7M 










VIHC 








VIL LLL TCELQV 
TCEHQZ 
, = 
@WRITE CYCLE (EARLY WRITE) 
TRELREL 
: wie 
- aS. 


.* — 
ADpResses | VY, We 3 IM, 


> “TT te MMM 


a -——J TWH 
TDOVCE - TCELDX 


Be TLLLLXE.. KUL 





VOH OPEN 
VOL 
@®READ-WRITE/READ-MODIFY-WRITE CYCLE 
oo TRELRELRW 
a VINC TRELAX— eee 
~ TRELCEN ee 
VIHC TCELCEH- TCEHREL 
: VIL 0, 
dian TRELAX ale oe eee 
soonesses |” 7X ToMness) MD) Se _ appress K/L 
+ 1 Ky 
TCELQV cae TCEHQZ 


VOH 
VALID 
Q wor OPEN Sa ALIE , 
TRELQV 
TDVCEL| |TCELDX 
— 
VIH 


ee OM, 


@“RE ONLY” REFRESH CYCLE 


TRELREL 





—— 


VIH 
ADDRESSES 
VIL 


oe TMM UMM 


Q VOH OPEN 
VOL 
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mmm AM 47 16A- 1, HM4716A-2, HM4716A-3, HM4716A-4 
HM471 GAP- 1, HM4716AP-2, HM4716AP-3, HM4716AP-4 
@PAGE MODE READ CYCLE 


















i VIHC TRELAX-,SOOOSCOCSCSC ia 
VIL < eae 
rTRELCEL- fee oer i TCELCEH ae ee eg 

“aie iL pac ELCEH TCEHREL — 
wt hea 
JTAVREL + | TAVCEL eA 

aoonesses . 7/)Mape MOK S05 XL Sb8 MLL, K S58 MULL 

TRELQV— TCELQV TCELQV 
rTRELQV me TCEHQZ TCEHQZ TCEHQZ 


OPEN = & 


> 
TWHCEL 
sane “ies TCEHWL 4 TCEHWL R 


@PAGE MODE WRITE CYCLE 








vi Lo TCELREH TREHREL 
bas | ca TCEHGETTCELCEH—] CERCEY ji ee 
is —-TcELAX 
TAVREL | Hae TAVCEL ‘ae 
ADDRESSES XESS KOX SS XL te KILL Uy ADD. KML: 
- = MLL, qf LLL LLL LLL (LLL 
vn LK XTX SE_ XL EME: 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 


TYPICAL CHARACTERISTICS 


ACCESS TIME (NORMARIZED) vs. Voo ACCESS TIME (NORMARIZED) vs. V.: 








x 3 
ov ov 
N N 
= < 
: : 
S S 
z. Zz 
> > 
yy Y¥y 
— 4 
5) a) 
os ce 
tt be 
Supply Voltage VDD (V) Supply Voltage VBB (V) 
ACCESS TIME (NORMARIZED) vs. T; IDDI vs. Voo 
1.2 , 30 
T;=50°C 
E 
= 25 | 
ll Fs 
F S 
o 1.0 > 20 
o a 
” i 
~~ = 
> Nn 
4 v 
a = 
= g 
0.9 aa 15 TRELREL=800ns 
10 
0.8 , ‘ 
= 0 21) 50 80 110 
Junction Temperature Tj (°C) Supply Voltage Von (V) 


IDDI vs. CYCLE RATE 
40 


Vop =13.2V 
Tj=50°C 


Average Supply Current [pp (mA) 
Average Supply Current Ipm (mA) 





Janovion Tenvetwtice: TOCe) Cycle Rate (1/TRELREL) (MHz) 
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Standby Supply Current Ipp2 (mA) 


RE Onty Supply Current Tens (mA) 


Page Mode Supply Current lpna (mA) 


IDD2 (STANDBY) vs. Vo. 





Supply Voltage Vom (V) 


IDD3 ( RE ONLY CYCLE) vs. Voo 


TRELREL =375ns 





Supply Voltage Vow (V) 


IDD4 (PAGE-MODE CYCLE) vs. Voo 


Tj)=50°C 
TRELREL=225ns 


TRELREL=375ns 


TRELREL=500ns 





Supply Voltage Vpv (V) 


HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 


Standby Supply Current Lone i mA) 


RE Only Supply Current Ipn3 (mA} 


Page Mode Supply Current Ipvs (mA) 


25 


IDD2 (STANDBY) vs. T; 


1.2 


1.0 


(0.6 





Junction Temperature Ty, (°C) 


IDD3 (RE ONLY CYCLE) vs. T; 


TRELREL=375ns 





—10 20 50 80 110 


Junction Temperature 7; (°C) 


IDD4 (PAGE-MODE CYCLE) vs. T; 


TRELREL=225ns 





Junction Temperature T) (°C) 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 


HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 


Input Level (V) 


Input Level (V) 


Input Levelt (V) 
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CLOCK INPUT LEVELS vs. Vp 


2.5 


Tj=50°C 


VIHC(MIN} 


Supply Voltage Vpp (V) 


CLOCK INPUT LEVELS vs. T; 


VIHC(MEN) 
mn 


-10 20 50 80 110 


Von=12V 





Junction Temperature T) ('C) 


ADDRESS AND DATA INPUT 


LEVELS vs. Vs: 
2.5 


VIL.( MAX) 
2.0 


1.0 





—40) —4.5 —5.0 —5.5 -—6.0 


Supply Voltage Vee (V) 





Input Level (V1 


input Level (V) 


Input Level iV} 


CLOCK INPUT LEVELS vs. V2. 


T)=50°C 
Vop =12V 


VIHC( MIN} 





Supply Voltage Vun iV: 


ADDRESS AND DATA INPUT 
LEVELS vs. Voo 





Supply Voltage Von (V) 


ADDRESS AND DATA INPUT 


LEVELS vs. Tj 
2.5 


Vpp =12V 
Var=—5V 


2.0 


1.0 





0.5, 
~-10 20 50 80 110 


Junction Temperature Tj (°C) 


HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 


M@ CURRENT WAVEFORMS 


E/CE Cycle Long RE/CE Cycle ! RE only Cycle Page Mode Cycle 
| 
RE = (aN EEN. TN 
a oo — a 
is i nes 5 naam 3) 
~ he Hip fH + 
ee 2 eee i ee eee ee leva it i cea 
ay 7 5 heemeees toa oo a FA; Tf of 
» UA eS 1) ae | ee | ee ee | | eee Ae 
fe, aay, ar, YJ A / WIJ V\ UY ON 
IBB ay \ i Ayn A | JQ 
(mas OT ey Wy hy a tp 
ee 
-- 40 
. re Fe ey nel 


NOTE : VDB =13.2V, VBB=—4.5V, Ta =25°C 


— = 50ns 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 


APPLICATION INFORMATION 


@ READ CYCLE; 

A read cycle begins with addresses stable and a negative 
going transistion of RE. The time delay between the stable 
address and the start of RE-on is controlled by parameter 
TAVREL. 

Following the time when RE reaches its low level, the row 
address must be held stable long enough to be captured. 
This controlling parameter is TRELAX. Following this 
interval, the address can be changed from row address to 
column address. 

When the column address is stable, CE can be turned on. 
The leading edge of CE is controlled by parameter 
TRELCEL. 

The basic limit on the CE leading edge is that CE cannot 
start until the column address is stable, and this is 
controlled by parameter TAVCEL. 

The column address must be held stable long enough to be 
captured, 

The controlling parameter is TCELAX. Note that 
TRELCEL(max) is not an operating !imit of the HM4716A 
though its specification is listed on the data sheets. if CE 
becomes on later than TRELCEL(max), the access time 
from RE will be increased by the time which TRELCEL 
exceeds TRELCEL(max). 

Following the time when CE reaches its low level, the 
data-out pin remains in a high impedance state until a valid 
data appears. This parameter is TCELQV-access time from 
CE. The access time from RE-TRELOQV is the time from 
RE-on to valid Q. The minimum value of TRELOV is 
derived as the sum of TRELCEL(max) and TCELQV. The 
selected output data is held valid internally until CE 
becomes high, and then Q pin becomes high impedance. 
This parameter is TECHQZ. 


eWRITE CYCLE; 

A write cycle is performed by bringing W low before or 
during CE-on. 

Two different write cycles can be defined as; 

Write cycle — Write data are available at the beginning of 
the CE-on so that the write operation starts at the begin- 
ning. In this mode, D and W signal times are not in any 
critical path for determining cycle time. 

Following the time when W reaches its low level. W must be 
held stable long enough to be captured. This W-on pulse 
duration is called TWLWH. . 
The time required to capture write data in a latch is called 
TWLDX. 

This cycle is called an ‘‘early write” 

Read Write cycle — This cycle starts as a read cycle, but as 
soon as the device specification is met, a write cycle is 
initiated. W and.D are delayed until after Q. This cycle is 
called a ‘‘delayed write’. A “Read-modify-write’’ cycle isa 
variation of this operation. In this mode, D and W become 
Critical path signals for determining cycle time. 
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e CLOCK-OFF TIMING; 

RE and CE must stay on for Q stabilized to valid data. In 
the case of CE, this is controlled by parameter TCELCEH 
(min). In the case of RE, this controlled by parameter 
TCELREH(min). 

Following the end of RE, CE must stay off long enough to 
precharge internal circuits. The only parameter of concern 
is TREHREL. 

Normaily CE is not required to be off for aminimum time 
of TCEHREL. 

However, in a page mode memory operation, there is a 
TCEHCEL(min) specification to control the CE-off time. 


@® DATA OUTPUT; 

Q is three-state TTL compatible with a fan-out of two 
standard TTL loads. 

When CE is high, Q is in a high impedance state. When CE is 
low, valid data appears after TCELQV at a read cycle and Q 
is not valid at an early-write cycle. 


e REFRESH; 

Refresh of the HM4716A is accomplished by performing A 
memory cycle at each of the 128 row addresses within each 
two millisecond time interval. 

Any cycle in which RE signal occurs refreshes the entire 
selected row. 

RE-only refresh results in substantial reduction in operating 
power. 

This reduction in power is reflected in the |IDD3 specifica- 
tion. 


@ PAGE MODE; 

Page mode operation allows faster successive memory 
operations at multiple column locations of the same row 
address with increased speed. 

This is done by strobing the row address into the chip and 
maintaining RE at a logic tow throughout all successive CE 
memory cycles in which the row address is latched. As the 
time normally required for strobing a new row address is 
eliminated, access and cycle times can be decreased and the 
operating power is reduced. These are reflected in the 
TCELQV, TCEHCEL, !DD4 specifications. 


HM4816A-3, HM4816A-3E, 
HM4816A-4, HM4816A- 7, 
HM481GAP-3, HM4816AP-3E, 
HM4816GAP-4, HM4816AP-7 


16384-word by 1-bit Dynamic Random Access Memory 
The HM4816A is a new generation MOS dynamic RAM circuit 
Organized as 16,384 words by 1 bit. As a state-of-the art MOS HM4816A-3, HM4816A-3E, 
memory device, the HM4816A (16K RAM) incorporates advanced HM4816A-4, HM4816A-7 
circuit techniques designed to provide wide operating margins, both 
internally and to the system user, while achieving performance levels 
in speed and power. 

The use of dynamic circuitry throughout, including sense amplifiers, 
assures that power dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine to make the 
HM4816A a truly superior RAM product. Multiplexed address 
inputs permits the HM4816A to be packaged in standard 16-pin DIP. 
Non-critical clock timing requirements allow use of the multiplexing 
technique while maintaining high performance. 


(DG-16B) 


FEATURES eg remy 
@ Single 5V supply 

Low power standby and operation 

(Standby: 11mW max., operation: 150mW max.) 
@ Fast access time & cycle time 


HM4816A-3 | HM4816A-3E |HM4816A-4 | HM4816A-7 

HM4816AP-3 |HM4816AP-3E| HM4816AP-4 | HM4816AP-7 

T= = [= 
MPIN ARRANGEMENT 

® Directly TTL compatible: All inputs & outputs 

@ Output data controlled by CAS and unlatched at end of cycle to 

allow two dimensional chip selection and extended page bound- 

ary. 

Common t/O capability using ‘easy write’’ operation. 

Read modify write, RAS only refresh and page mode capability 


Only 128 refresh cycle required every 2ms 
@ Compatible with Intel 2118-3/-4/-7 


MBLOCK DIAGRAM 


Maximum Access 
Time 
















64X 128 CELL 


1 OF 6 
Ow 
pee as | MEMORY ARRAY 
128 SENSE 
AMPLIFIERS = (\ eis 
GATING 





Aa 
OUTPUT 
is BUFFER [Ot (Top View) 


ADDRESS BUS 


1 OF 64 COLUMN 
H —/ DECODERS 
1 OF 64 
64x 128 CELL 
LATCH ROW 
(COLUMN) pee owers | MEMORY ARRAY 


CLOCK w CLOCK a WRITE DATA 
GENERATOR GENERATOR ENABLE INPUT 
No.1 No.2 


BUFFER BUFFER 


od 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7; 
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM481 6AP-7 


M ABSOLUTE MAXIMUM RATINGS 


Item Symbol HM4816A or AP Unit 

Voltage on any pin relative to GND V 

Power supply voltage relative to GND 0,5 = 77.0 V 

Short-circuit Output Current a ae eee ees mA 

Power Dissipation a ae eee eee W 

- Cerdip —65 ~ +150 C 


MM RECOMMENDED DC OPERATING CONDITIONS 


Item | Symbol | min | typ Unit Notes 

Sessdileatiess Veo | 4.5 | 5.0 | 5.5 
Vs | of} o | 0 | 1,2 

Input high (logic 1) voltage RAS, CAS, WE Wie eee eS ae I 1 
Input high (logic 1) voltage except RAS, CAS, WE tn fet | fe 1 
Input low (logic 0) voltage all inputs Vin | 2.0 | | 0.8 | 1 


Notes : 1. All voltage referenced to Vss. 
2. Output voltage will swing from Vss to Vic when activated with no current loading. 


MOC AND OPERATING CHARACTERISTICS ° 
(Ta=0°C to 70°C, Vec=5V+10%, Vss=OV, unless otherwise noted.) 


Parameter ' Symbol Test Conditions min (2) Unit Notes 


te 
Ss 





Vin=Vss to Vec 


R 





Input Load Current (any input ) er | 


| 


Output Leak c t f CAS 
BEDUL SERS RS CEE SR: Lek lTxo | Chip Deselected;CAS at Vin, Vour=0 to 5.5V 


— 


High Impedance State 


HM 4816AP-3, 4, 7 
HM 4816A-3, 4, 7 


| 


Vcc Supply Current. Standby Ice 


i—) 
— 


— oS 
— nN * . . 
~3 i) — 





HM4816A, AP-3E 
HM 4816A, AP-3 tac=tremin 
HM 4816A, AP-3E trc= teacuin 
HM 4816A, AP-4 trc= trcmin 
HM 4816A, AP-7 trc= tremin 
HM 4816A, AP-3 trc= tremin ; 


Vcc Supply Current ; : HM 4816A, AP-3E_ trc=étrcmin 
RAS-Only Cycle “| HM4816A, AP~4. tec= trcmin 
HM 4816A, AP-7 tac= trcmin 


Iccs CAS at Viz, RAS at Vin 


3 


Ge 


3 


3 


3 
wl ol co} wl co] co | ow | co 





Vcc Supply Current. Operating Icc2 


t=) 


3 





3 


m 


4 


3 


Vcc Supply Current. 
Standby. Output Enabled 


Output Low Voltage Vou lop =4.2mA 


Notes :1. All voltages referenced to Vss. 


ioe) 


hs — nm 
oO wi ; 
3 


3 
<|<j| ©} 


2: Typical values are for Ta=25°C and nominal supply voltages. 
3. Ice is dependent on output loading when the devices output is selected. Specified Jc; MAX is measured with the output open. 


@ CAPACITANCE (Ta= 25°C, Vec=5V+10%, Vss=0V, unless otherwise noted.) 






Parameter 
Address. Data In 
RAS, CAS, WE, Data Out 


Notes : Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 


c-K} with SV equal to 3 volts and power supplies at nominal levels. 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, — 
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 


MAC CHARACTERISTICS “2: (Ta=0°C to 70°C, Vec=5V+10%, Vss=OV, unless otherwise noted.) 
@® READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 

HM 4816A-3 HM 4816A-3E HM 4816A-4 HM 4816A-7 
Access Time From RAS 
Access Time From CAS 
Time Between Refresh 
RAS Precharge Time 
non-page cycles)" 
AS to RAS Precharge Time 
AS to CAS Delay Time 
AS Hold Time 
CAS Hold Time 
Row Address Set-up Time 
‘Roe Address Hold Time 
Column Address Set-up Time 
Column Address Hold Time 
Column Address Hold Time to RAS. 
Transition Time (Rise and Fall ) 
Output Buffer Turn Off Delay 





Ale 


| 


a 


— 
ol 





— 
oS} w om 


@®READ AND REFRESH CYCLES 


“Random Read Cycle Time 
RAS Pulse Width 











320 
175 



















el) aise | 

CAS Pulse Width | ons | 
Read Command Set-up Time es eS ae 
Read Command Hold Time fey SEOs | ons _| 
@®WRITE CYCLE 

Random Write Cycle Time ae 235 —| 200 | =| 270 | — | 320 [| =] as | 
Write Command to CAS Lead Time tw | 45 | —| 45 | —| s | —J| 100 | —| ns | 
@ READ-MODIFY-WRITE CYCLE 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 


HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP- 7 





Notes: 

1. All voltages referenced to Vgg 

2. Eight cycles are required after power-up or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles which 
perform refresh are adequate for this purposes. 

3. AC Characteristics assume t7=Sns 

4. Assume that trcp <'trcp (max.) If trcp is greater 
than trcp (max.) then trac will increase by the 
amount that trop exceeds trop (max.) 

5. Load = 2 TTL Loads and 100pF 

6. Assumes trcp > t*rcp (max.) 

M@ WAVEFORMS 


@®READ CYCLE 


LASR tase 


Addresses 
Vie 


Vinc D 
WE 
Vie @ 


LZ 


Vou High 


Voi Impedance 


@WRITE CYCLE 


Uine = ee 
RAS Viz ; @ 
tcrp 


| oes 
od cca “Ae, Ra 


ERC 
Vine ee TS 
— ®D i - ; 
ee ee ee 


7. trop (max.) is specified as a reference point only. If 


trcp Is less than trcp (max.) access time is tr 4c. If 
trcp is greater than trop (max.) access time is tpcp + 


'CAC: 


. tp is measured between V7;;7 (min.) and V7; (max.) 
- twes, tcwp and tr wp are specified as reference points 


only. If twos 2 twcs (min.) the cycle is an early write 
cycle and the data out pin will remain high impedance 
throughout the entire cycle. If towp 2 tcwp (min.) 
and trwp 2trwp (min.), the cycle is a read-modify- 
write cycle and the data out will contain the data read 
from the selected address if neither of the above 
conditions is satisfied, the condition on the data out is 
indeterminate. 


ERC 


t 
pesjiacy © 


nt 


torr 


oy, Valid 4 
ay) Data Out 


RAS 
Vit tcpn 
Viuc ' a : ahh {CAs ca 
ae he 
| 
Vig r, N 
VFO Row \/ 1y, Column K/ 
aan 1 @| Address AN /* Address e\ 
iL 
a & CRW 
ae eee tCwL 
Vis eet tWwCH 
sk 
WES Gs | Qe 
twor| | 
®los ag___ 08 © 


Vin 
Ee Xe AN 


Vou High 
Dout Voz, Impedance 
Notes: 
1.2. Vieg rn and Viz max are reference levels for meas- 


uring timing of input signals. 


3.4. Von min and Voz max are reference levels for 


5. 
6. 
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measuring timing of Doyr. 

torr is measured tology 7 <'/Lo!. 

tps and tpy, are referenced to CAS or WE, whichever 
occurs last. 





7. ‘RCH is referenced to the trailing edge of CAS or 


~ RAS, whichever occurs first. 


8. tcorp requirement is only applicable for RAS/CAS 





cycles preceeded by a CAS-only cycle (i.e., for system 
where CAS has not been decoded with RAS). 





T_T —— HM 481 6A-3, HM4816A-3E, HM4816A-4, HM4816A-7 
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 


@®READ-MODIFY-WRITE CYCLE 
RWC 


ae Viac 
RAS ® | | 
Vie ; 


tcrp ICPN 
ca S\N 
nr ae SS _~ 
WT ede lew = tm 
tASR je) tasc 
Vin 


Column \/ 
i ee ere 


45 | 


Td 
‘il 


Addresses 


Vince 
Vit 


© tps 


X% Data in si 
Valid W\ 
ng —— ¢ OF F 
Vou ; @ © 
Dout en ( Valid Data Out > 
Vou Impedance ® 


AS-ONLY REFRESH CYCLE 


Vin 


= 
Ct 


Vie 
ee 


Hy 


trc 


= Vinc | = 
RAS 


tCRP 
CAS 


tRAH 


\7 ./ 
Addresses : A Row Address A 
1L 


Vi High 
Dout “ 





Vor Impedance 


@HIDDEN REFRESH CYCLE 


Gr 







a tRAS 
Vine —— 
RAS a 
tcRP aa ae tcas } tcPn 
Viwc ma . 
CAS 
at Nel era 
vn = + 
aa [er Y Row Owe Y Row h/ 
Addresses Makers , Address /\ Address £\ /N Address y\ 
ircs trcy @ 
Viuc | | 


WE 1 
Vin Cac 
torr 
Dout q Valid Data 
Vor ® 





Notes: - 
1.2. Vizg mw and Vyz pax and reference levels for Vet is referenced to the trailing edge of CAS or 
measuring timing of input signals. AS, whichever occurs first. 


3.4. Vow min and Vor max are reference levels for 8. ae requirement is only applicable for RAS/CAS 


measuring timing of DoytT. 

5. torr is measured tolouT $ !Ingol 

6. tpg and tpz, are referenced to CAS or WE, whichever 
occurs last. 


cycles preceeded by a CAS-only cycle (i,e., for systems 
where CAS has not been decoded with RAS). 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP- 7 


MDC AND AC CHARACTERISTICS, PAGE MODE ”::) 
(Ta=0°C to 70°C, Vece=5V+10%, Vss=0V, unless otherwise noted.) 


HM4816A-3 | HM4816A-3E | HM4816A-4 | HM4816A-7 
HM4816AP-3 | HM4816AP-3E | HM4816AP-4 en Unit 


Parameter 


Page Mude Read or Write Cycle 
Page Mode Read Modify Write Cycle 
CAS Precharge Time. Page Cycle 
RAS Pulse Width, Page Mode 


CAS Pulse Width 


Voo Supply Current Page Mode. 


Minimum ?¢tpec. Minimum teas 





@PAGE MODE READ CYCLE 


x 
a 
nm 


| 


QQ 
a» 
Nn 


Addresses 


Dout 


tRPpM 


taser 
Vin 


tres 
tres ©@© trce# tre 
Veuc 


Notes: 


Ly. 
3.4, 
5: 
6. 
7. 
8. 
9. See the typical characteristics section for values of this 


10. 


11. 
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Vier min and Viz max are reference levels for 
measuring timing of input signals. 

Vou min and Voz max are reference levels for 
measuring timing of DoyT. 

torr is measured toloy7 § Il 

troy is referenced to the tratfGe edge of CAS or 
KAe whichever occurs first. 

All voltages referenced to Vgg. 

AC Characteristic assume t7=Sns. 


parameter under alternate conditions. 

tcrp requirement is only applicable for RAS/CAS 
cycles preceeded by a CAS-only cycle (i.e., for systems 
where CAS has not been decoded with RAS). 

All previous specified A.C. and D.C. characteristics are 
applicable to their respective page mode device. 





F Row / y Col vil Co} 
Vin Di Add ¥\ /N Add Add 


a == a 


a —{ Ca 
.) 








torr 


{CPN 


HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 


@PAGE MODE WRITE CYCLE 


Viuc 
RAS 
th 


tcrp 


Viuc 


oO 
” 


V, 
Addresses 


Vin 
= Vine 
WE 

Vit 
Din Vin 


® 
i 


@!\3 
tRAH al ae 
ont e tasc es 
tasc 


XK | A 


DETCE ; 


tRPM 


~ 
= 
= 


~ 
3 
a 


LCAS tcas 


Col 


dd Add 


mi 





@PAGE MODE READ-MODIFY-WRITE CYCLE 


Vine 


@ 


RAS Vi @ — 
oe trco! icRW tcp tCRW 
—-.. 
a aa 
tASR ee etme wd A 
sone 1" SEER oo a Biga) 
Pash] ace 
V 
fh 
Vin Data in VF Data i a 
ee ee ed: ra SES va XK 
LASC “Ae torr 
Vou TD Vali 
Be: LS biwon  P——4_ town 
1.2. View min and Viz, max ate reference levels for 
measuring timing of input signals. 
3.4. Von min and VoL MAX are reference levels for 
measuring timing of DoyrT. 
5. torr is measured toJouT $ 'JLo |. 
6. tpg and tpy are referenced to CAS or WE, whichever 
occurs last. 
7. troy is referenced to the trailing edge of CAS or 


RPM 


RAS, whichever occurs first. 


. torp tequirement is only applicable for RAS/CAS, 





cycles preceeded by a CAS-only cycle (i.e., for systems 
where CAS has not been decoded with RAS). 








tRSH trp 


tcpn 


EK | 


twcH 


tasc 


twes 
tcwL 


trp 


tCPN 


tcrw 


"| 


ax 
— on 


aK | 


I tcac__| 
torr 


Valid 
rae: 


Data in 


Valid 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 
' HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP- 7 


@ Typical Characteristics of HM4816A 


TYPICAL ACCESS TIME trac vs. Vee TYPICAL OPERATING CURRENT I<:2 
vs. CYCLE RATE 


Veco =5.5V 


tcac (ns) 
Icece (mA) 





Cycle Rate (1/trc) (MHz) 


TYPICAL STANDBY CURRENT lac TYPICAL OPERATING CURRENT fac 
vs. Vec vs. Vee 


Tec. (mA) 





@TYPICAL SUPPLY CURRENT WAVEFORMS 


RAS/CAS Cycle Long RAS/CAS Cycle RAS Only Cycle 





Note. Vec= 5.0V 
Ta=20°C 


— 
Icc (mA) 
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HM4864-2, iM4864-3 


HM4864P-2,iM4864P-3 


65536- word X 1-bit Dynamic Random Access Memory 


The HM4864 is a 65,536-words by 17-bit, MOS random access 
memory circuit fabricated with HITACHI’s double-poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4864 uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. 

Multiplexed address inputs permit the HM4864 to be packaged in a 
standard 16 pin DIP on 0.3 inch centers. 

This package size provides high system bit densities and is 
compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 
+5V with +10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize ‘‘false triggering’ of the inputs, on-chip 
address and data registers which eliminate the need for interface 
registers, and two chip select methods to allow the user to determine 
the appropriate speed/power characteristics of this memory system. 
The HM4864 also incorporates several flexible timing/operating 
modes. 

In addition to the usual read,write, and read-modify-write cycles, the 
HM4864 is capable of delayed write cycles, page-mode operation 
and RAS-only refresh. 

Proper control of the clock inputs (RAS, CAS, and WE) allows 
common 1|/O capability, two dimensional chip selection, and 
extended page boundaries (when operating in page mode). 


M@ FEATURES 

@ Recognized industry standard 16-pin configuration 

150ns access time, 270ns cycle time (HM4864-2, HM4864P-2) 
200ns access time, 335ns cycle time (HM4864-3, HM4864P-3) 
Single power supply of +5V+10% with a built-in Vgg generator 
Low Power; 330 mW active. 20 mW standby (max) 

The inputs TTL compatible, low capacitance, and protected 
against static charge 

Output data controlled by CAS and untatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 
ary 

@ Common 1/0 capability using ‘early write’ operation 

@ Read-Modify-Write, RAS-only refresh, and Page-mode capability 
@ 128 refresh cycle 


HM 4864-2, HM 4864-3 


(DG~-16A) 


HM 4864P -2, HM4864P -3 





MPIN ARRANGEMENT 








(Top View) 


Address Inputs 

Column Address Strobe 
Data In 

Data Out 

Row Address Strobe 
Read/Write Input 
Power (+5V) 

Ground 

Refresh Address Strobe 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


MFUNCTIONAL BLOCK DIAGRAM 







RAS 9 Din 


Data out 
Buffer 





MABSOLUTE MAXIMUM RATINGS 








CAS © ae © bout Voltage on any pin relative 
ay TON eG esis ha hes ales Galak -1.0 to +7V 
° wm O Ver 3 
A Operating Temperature, Ta 
Ar o—+ - ae : 
ss (Ambient). .......00000- 0 to +70°C 
As E Storage Temperature : 
E : (Ambient) ...........06% -65 to +150°C 
2 Short-circuit Output Current . 50mA 
E = Power Dissipation......... 1W 
a 


Ao 


Mi RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Supply Voltage 
Input High Voltage 


Input Low Voltage Vin 


ax Unit Notes 


no] 


nn 


~ 
So 
oy) 3 
on on 
— 


MDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£10%, Vss=0V) 


Parameter Symbol Notes 


2,4 


3 


® 3 = 
<< |/>/ > | > | >» | >| > |& 
i 
=> 


OPERATING CURRENT Ic 
Average Power Supply Operating Current (RAS, CAS Cycling; txc=min. ) oe 


STANDBY CURRENT 
Power Supply Standby Current (RAS = V;,, Dout =High Impedance ) 


REFRESH CURRENT 
Average Power Supply Current, Refresh Mode Iec3 
(RAS Cycling, CAS = Vin; ¢ rc=min. ) 
PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation Ices 
(RAS =Viz, CAS Cycling; tec=min. ) 


2 


3 


lecz 








— 
= 
c= on = 
ea ol a 
3 
a 


INPUT LEAKAGE 

Input Leakage Current, any Input (V;,=0 to +6.5V, all other pins not fu 10 Lt 

under test =0V ) | 

OUTPUT LEAKAGE | he 10 3 
Output Leakage Current (Dout is disabled, Viue=0 to +5.5V) 

OUTPUT LEVELS V 24 V. 

Output High (Logic 1) Voltage (J... = —5mA ) V,. 0 04 

Output Low (Logic 0) Voltage (Jou: =4.2mA ) i ; 


NOTES 
1. All voltages referenced to Vgs. 
2. Icc depends on output loading condition when the device is selected. Jc¢ max. is specified at the output open condition. 


3. /ito¢ consists of leakage current only. 
4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


MAC ELECTRICAL CHARACTERISTICS 


Parameter typ | max | Unit Notes 
Input Capacitance (Ao~-A7, Din) a a ee ee ee ee ee 1 
Input Capacitance (RAS, CAS, WE) eo ae eee 
Output Capacitance (Dout ) ae ee eee ee ee ee 1,2 


NOTES 
1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2. CAS = Vinz to disable DoutT- 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


MIELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ?:” 
(Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 


Buea tias Symbol HM 4864-2 /P-2 HM 4864-3 /P-3 task Not 
0 ni otes 
Random Read or Write Cycle Time tre ee ee ee 
_Read-Write Cycle Time ftw | 270 | 88 | os 


ie |e ae 
rn 
a 
ce 
ins [1807 | 10000 [200 [T0000 [n= 
re en 


Page Mode Cycle Time 

Access Time from RAS 

Access Time from CAS” 

Output Buffer Turn-off Delay 
Transition Time (Rise and Fall ) 
RAS Precharge Time 

RAS Pulse Width 

RAS Hold Time 


Row Address Hold Time ten | 20 | 8S 


Cte f 10 
omer 


Column Address Hold Time referenced to RAS tar 


Column Address Set-up Time 
Column Address Hold Time 


Read Command Set-up Time Ercs 
Read Command Hold Time trcu 


bo —_ 
o o 


Write Command Hold Time . twou a ee 

Write Command Hold Time referenced to RAS twer 120 tes, 2S ties 

Write Command to RAS Lead Time ft | 45 | oo | 85 | ls 

Refresh Perio Per [| = | 2@{ - | ?[ m | 

NOTES 

1. AC measurements assume ty = Sns. trac (max)can be met, trop (max) is specified as a 

2. 8 cycles are required after power-on or prolonged reference point only; if trcp is greater than the 
periods (greater than 2ms) of RAS inactivity before specified trop (max) limit, then access time is 
proper device operation is achieved. Any 8 cycles controlled exclusively be tc4c. 
which perform refresh are adequate for this purpose. 9. These parameters are reference to CAS leading edge in 

3. Vyzzz (min) and Vz; (max) are reference levels for early write cycles and to WE leading edge in delayed 
measuring timing of input signals. Also, transition write or read-modify-write cycles. 
times are measured between V7,;7 and V7. 10. twos, tcwp and trwp are not restrictive operating 

4, Assumes that trop $s trcp (max). If trop is greater parameters. They are included in the data sheet as 
than the maximum recommended value shown in this electrical characteristics only: if twos 2twcgs (min), 
table tp 4c exceeds the value shown. the cycle is an early write cycle and the data out pin 

5. Assumes that trop 2=trcp (max). will remain open circuit (high impedance) throughout 

6. Measured with a load circuit equivalent to 2TTL loads the entire cycle; if tcwp 2 tcwp (min) and trwp2 
and 100 pF. trwp (min) the cycle is a read/write and the data 

7. torr (max) defines the time at which the output output will contain data read from the selected cell; if 
achieves the open circuit condition and is not refer- neither of the above sets of conditions is satisfied the 
enced to output voltage levels. condition of the data out (at access time) is indeter- 

8. Operation with the tecp (max) limit insures that minate, 
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HM4864-2, HM4864-3, HM4864P- 2, HM4864P-3 


MTIMING WAVEFORMS 
@®READ CYCLE 


tre 
tes 

{RAS 
— ViK ae 

A 
RAS, ‘ i 
CAS Vin Se 

Vit 


( lumn Address 


18 


WE Vin + | sacl 
Vi tcac torr 
Von tk ac 


Dout (pen C| Valid Data Y 
Vou 


@WRITE CYCLE 


trc 
tCSH 
— Vix thas 
RAS tar al 
Vit 7 
—; Se 
a 
Vit li LJ tcrp 
hae Stor hires Gm attr Xd 
fb 
el ia 
Dee a) 


ee 
wr ae 
WE cee: ’ ad 
Vit “ies i ies 


ee ee 
| : 
Viv 
Din | Valid Data > 
Vie 


toHR 
Dout en Open 





®READ-WRITE/READ-MODIFY-WRITE CYCLE 


[eae a ee 
lCSH 


{HAS 

aag jas 

Vit fi 
— YY, 
CHS ee 

it 

_ = tean—e a oa 
Vix Le 


sists ce ir 
a 


Viz 
ii 


We ar, 
Vie 


torr 





tcac 





Dou Vou Valid Data 
Vou 
tbs eto 
Vix 


Din ‘ Valid Data [3 
Viz 
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HM4864-2, HM4864-3, HM4864P- 2, HM4864P-3 


@"RAS-ONLY” REFRESH CYCLE 


~ 
> 
Nn 


Address 








RAS Vin 
Vir 
CAS Vin 
Vie 
V 
Address ae 
a : , r 
we ON \ / 
Vie. 
CAC tC AC 
{Rac loFF toFF 
Vv 
Dow ee { } ‘2 - 
@®PAGE MODE WRITE CYCLE 
RC 
tRASs 
taR 
Seinen Vin 
RAS Vit 
tRSH tRP 
tcas {CRP 
CAS Vin "4 
Vit 
lass Ha cy 4 
Address \ { [Add yA 
Vir 
tWwOH 
twes 
tcwL 
= a 
WE My / 
Vit 
twp: twp 
tRWwL 
tDH ips tpH 
na Vin | Valid Data K YX Valid Data )D {Valid Data » 
Vit 


IDHR 
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| HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


M TYPICAL CHARACTERISTICS 


ACCESS TIME 
vs. SUPPLY VOLTAGE 


180 


Supply Current fcci (Operation) (mA) Access Time trac( Normalized) 


Supply Current [cci( Operation) (mA) 


50 


Supply Voltage Vcc (V) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


SUPPLY CURRENT 
vs. CYCLE RATE 





Veo =5.5V 
Ta=20°C 
trep=1]00ns 


Cycle Rate(1/trc) (MHz) 





0 


Access Time trac( Normalized) 


Supply Current [¢c, (Operation! {mA} 


Supply Current Iccz (Stand By) (mA) 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 





—20 10 40 70 Pua 


Ambient Temperature Ta (°C) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


Rie) 


20 
10 


— 20 10 40 70 100 





Ambient Temperature Ta (°C) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


Supply Current Icc2 (Stand By} (mA) 


(mA) 


Supply Current Ices (Refresh Cycle) 


mA 


Page Mode Cycle 


Supply Current fees 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


4 


Ie 


Ambient Temperature Ta (°C) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C)} 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vee 1 V5 





HM4864- 2, HM4864-3, HM4864P-2, HM4864P-3 


Supply Voltage Jecs (Refresh Cycle) (mA) Supply Current /fcc3 (Refresh Cycle) (mA) 


Supply Current Jceca (Page Mode Cycle) (mA) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


30 
330 
500 


1,000 






4.0 4.5 5.0 5.5 6.0 


Supply Voltage Vcc (V) 


SUPPLY CURRENT 
vs. CYCLE RATE 


Ta=20'C 
fre= l00Ons 





Cycle Rate (1/trc)( MHz) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 





— 3) Jo 40) 70 ie 


HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


SUPPLY CURRENT INPUT LEVEL 
vs. CYCLE RATE vs. SUPPLY VOLTAGE 





Vee =55V 
Ta = 20°C 
fer shins 


Supply Current Icca (Page Mode Cycle) (mA) 
Ai,Din Input Level (V) 





4.0 4.h 10) 5.5 6.0 
Cycle Rate (1/tpc) (MHz) Supply Voltage Vcc (V) 
INPUT LEVEL CLOCK INPUT LEVEL 


vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


4 : 
: 5 


Veo =5.0V 





5 S 
2 rs 
3 4 
ee, 1 S15 
2 2 
= = 
z= E 
<x oO 
10 10 
Oh O45 
4.0 4.5 0 505 6.0) 
Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 
CLOCK INPUT LEVEL 
vs. AMBIENT TEMPERATURE 
Vee =50V 
= 
oO 
> 
ze: 
2 
a 
4 
i) 
2 
re) 





—20 th 40 70 had 


Ambient Temperature Ta (‘C) 
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HM4864- 2, HM4864-3, HM4864P- 2, HM4864P-3 





RAS CAS Cycle Jong RAS CAS Cvele KAS Only Cycle Page Mode Cycle 


lec mA 


Note) Kee =S.0V, Ta = 20°C 


—- bo 50ns 


MAPPLICATION INFORMATION 

@POWER ON 

An initial pause of 500 ys is required after power-up and a 
minimum of eight (8) initialization cycle,(any combination of 
cycles containing a RAS clock such as RAS-only refresh) must 
follow an initial pause. 

The Vec current (/¢c) requirement of the HM4864 during 
power on is, however, dependent upon the input levels (RAS, 
CAS) and the rise time of Vac, as shown in Fig. 1. 


@®READ CYCLE 
A read cycle begins with addresses stable and a negative going 


transition of RAS. The time delay between the stable address 
and the start of RAS-on is controlled by parameter tasp . 
Following the time when RAS reaches its low level, the row 
address must be held stable long enough to be captured. This 
controlling parameter is taay. Following this interval, the 
address can be changed from row address to column address. 
When the column address is stable, CAS can be turned on. The 
leading edge of CAS is controlled by parameter tacp. The 
basic limit on the CAS leading edge is that CAS can not start 
until the column address is stable, and this is controlled by 
parameter tasc. The column address must be held stable long 
enough to be captured. The controlling parameter is tcoqgy. 
Note that tecp (max) is not an operating limit of the 
HM4864 though its specification is listed on the data sheets. If 
CAS becomes on later than tacp (max), the access time from 
RAS will be increased by the time which tacp exceeds trcp 
(max). 

Following the time when CAS reaches its low level, the 
data-out pin remains in a high impedance state until a valid 
data appears. This parameter is tcc -access time from CAS. 
The access time from RAS—trac—is the time from RAS-on 
to valid Dout. 

The minimum value of tgac is derived as the sum of tacp 
(max) and tcac. 

The selected output data is held valid internally until CAS 
becomes high, and then Dout pin becomes high impedance. 
This parameter is tore . 











lee mA 





Time (pes: 


te€ Vee rise time» =10yes 


Vee (VD) 


Ice (mA) 





0 100 260 300 400 500 


Time (ge s) 


ie Vee rise time) =J00us 


Fig.1 Icc vS. Vic during power up. 
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HM4864- 2, HM4864-3, HM4864P-2, HM4864P-3 


@ WRITE CYCLE 

A write cycle is performed by bringing WE low 
before or during CAS-on. 

Two different write cycles can be defined as; 

- Write cycle—Write data are available at the beginning 
of the CAS-on so that the write operation starts at 
the beginning. In this mode, Dout and WE signal 
times are not in any critical path for determining 
cycle time. 

Following the time when WE reaches its low level, 
WE must be held stable long enough to be captured. 
This WE-on pulse deration is called typ. The time 
required to capture write data in a latch is called 
tow. This cycle is called an ‘‘early write’. 


Read Write cycle—This cycle starts as a read cycle, 
but as soon as the device specification is met, a 
write cycle is initiated. 

WE and Din are delayed until after Dout. This cycle 
is called a ‘delayed write’. A ‘‘Read-modify-write”’ 
cycle is a variation of this operation. In this mode, 
Din and WE become critical path signals for 
determining cycle time. 


® CLOCK-OFF TIMING 

RAS and CAS must stay on for Dout stabilized to 
valid data. In the case of CAS, this is controlled by 
parameter tcgs (min). 

In the case of RAS, this is controlled by parameter 
tcas (min). Following the end of RAS, CAS must 
stay off long enough to precharge internal circuits. 
The only parameter of concern is trap. Normally 
CAS is not required to be off for minimum time of 
tcrp. However, in a page mode memory operation, 


there is a tcp (min) specification to control the 
CAS-off time. 


® DATA OUTPUT 

Dout is three-state TTL compatible with a fan-out 
of two standard TTL loads. 

When CAS is high, Dout is in a high impedance 
state. When CAS is low, valid data appears after 


tcac at a read cycle, and Dout is not valid as an 
early-write cycle. 
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® REFRESH 

Refresh of the HM4864 is accomplished by per- 
forming a memory cycle at each of the 128 row 
addresses within each two millisecond time interval. 
AO to AG are refresh address pin compatible with 
standard 16K RAM (HM4716A, HM4816A). During 
refresh, either V), or Vjy is permitted for A7. Any 
cycle in which RAS signal occurs refreshes the 
entire selected row. RAS-only refresh results in 
substantial reduction in operating power. This re- 
duction in power is reflected in the /cc3 specifica- 
tion. 


@ PAGE MODE 

Page mode operation allows faster successive memo- 
ry operations at multiple column locations of the 
same row address with increased speed. 

This is done by strobing the row address into the 
chip and maintaining RAS at a logic flow throughout 
all successive CAS memory cycles in which the row 
address is latched. As the time normally required for 
strobing a new row address is eliminated, access and 
cycle times can be descreaded and the operating 
power is reduced, These are specifications. 


FM4864 A-12, HM4864A-15,_Preliminary— 
HM4864A-20, HM4864AP-12, 
HM4864AP-15, HM4864AP-20 


65536-word < 1-bit Dynamic Random Access Memory 












M FEATURES | HM 4864A-12, HM 4864A-15, 
@ Industry standard 16- Pin DIP (plastic, Cerdip) HM 4864A-20 
@® Single 5V (+10%) 
@ On chip substrate bias generator 
@ Low Power: 275 mW active, 20 mW standby 
@ High speed: Access Time 120ns / 150ns / 200ns 
@ Common 1|/O capability using early write operation 
@ Page mode capability 
@ Output data controlled by CAS 
@ TTL compatible 
@ 128 refresh cycles — (2ms) 
(DG-16B) 
MBLOCK DIAGRAM HM 4864A P-12, HM 4864A P-15, 
HM 4864AP-20 
WE 
oe Data in © Dout 
% aw—O Ver 
Aro - § ~—O Vs5 
he c : 





MPIN ARRANGEMENT 


Address Buffers 





Refresh Addresses 


Ao O 


M ABSOLUTE MAXIMUM RATINGS 





Voltage on any pin relative to Vgg +--+ ee eee eres —1iV to 7V 

Operating temperature, Ta (Ambient) --:----:-- O°C to 70°C 

Storage temperature (Cerdip) -- +--+: ++s eee: —65°C to 150°C 

Storage temperature (Plastic) --- ++ +-es eee ee eee —55°C to 125°C 

Powerdissipatign 3s 0s <S4« ecteataceniei tenis 1W 

Short circuit output current --s- seer eee eee eee 50 mA 

@ RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) (Top View) 






[spmist[ wie [oe | om] ta | 


















Parameter 
CAS : Column Address Strobe 
Input High Voltage pov [24a] = | es | ov | 3 Din: Data in 
RAS : Row Address Strobe 
Notes: 1. All voltages referenced to Vss WE > Read/Write Input 
Vec : Power (+5V) 
Note) The specifications of this device are subject to change without notice. V : Ground 
Please contact your nearest Hitachi's Sales Dept. regarding specifications. ADAG F Refresh Address Inputs 
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HM4864A-1 2, HM4864A-15, HM4864A- 20; 
HM4864AP-12, HM4864AP-15, HM4864AP- 20 


MDC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V 410%, Vss=0V) 


Operating Current (RAS, CAS Cycling : txc=min) | fer fm A 1, 2 

Standby Current (RAS = V;,, Dout =High Impedance ) ee ee ee ee 

Refresh Current (RAS Cycling, CAS = Vin, tac =min) oe ee eee 2 

Standby Current (RAS = Vi, Dout Enable) ee ee ee eee 1 

“Page Mode Current (RAS =V;,, CAS Cycling; tpc=min) ee ee ee 1, 2 

Input Leakage (0< Viu<6.5V) fm | -10 [| 0 | #A | 

Output Leakage(Dout is disabled, 0< Viu<5.5V) L 10 
Lee 


domes 
a 
S 


Output Levels High(/.u.= —5mA ) /Low (Iouw=4.2mA ) Von, Vo 2.4/0 Vec/0.4 


Notes) 1. Ic. depends on output loading condition when the device is selected, J: max. is specified at the output open condition. 
2. Current depends on cycle rate:maximum current is measured at the fastest cycle rate. 


MN CAPACITANCE (Vcc =5V+10%, Ta= 25°C) 


V/V 










Parameter typ max Unit 


RAS, CAS, WE Cine 


Na 


a 


Input Capacitance 











a] 
9) 





a=} 
7] 





P 


Output Capacitance 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS =Vin to disable Dout. 


@ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V) 








HM4864A-12 | HM4864A-15 
Parameter Symbol min | cra fie anes BHA Unie Notes 

Access Time From RAS Gee ae 150 | — | 200] ns | 23 
Access Time From CAS” [tec | — | oof] ~ | | — | 100] ns | 34 
Output Buffer Turn-off Delay | tore [| — | 35 | —~f 40] —~f so] ns | 5 
Transition Time (Rise and Fall) lt | 3 {[ | 3] 3] 3 {| 50} ns | 6 
Random Read or Write Cycle Time | tee | 230 | | 260 | —~ | 330 |  — | ns | 

RAS Precharge Time bats <1 MOO Ne 100) 2120, ge 
RAS Pulse Width tus | 120 | 10000 | 150 | 10000 | 200 | 10000 | ns _| 
CAS Pulse Width |_tcas | 60 | 2ms | 75 | 2ms | 100 | 2ms | ns _| 
RAS to CAS Delay Time | taco | 25 | 60 | 2 | 75 | 30 | 100] ns | 7 
RAS Hold Time [ tase | 60 | — | 7 | ~| 100 | —] ns | 
CAS Hold Time | _icsw | 120 {| — | 150 | ~ | 200 | — | ns | 
CAS to RAS Precharge Time oben ere. fe ee eNO ea Oe i | 

Row Address Set-up Time Be a ee ee ee ee ee 

Row Address Hold Time ten | 15 | — | 15 —| 2] -—]| os | 
Column Address Set-up Time ri a eee ae eee 
Column Address Hold Time (ee es ee ee 
Column Address Hold Time Referenced to RAS” | tae | 80 | — | 100 | —] 130 | —] as | 

WE Command Set-up Time pote) ON ed Oe Oe ies 
Write Command Hold Time | twen | 40 | | 4 | | 5 | | 
Write Command Hold Time Referenced to RAS | 100 | — {| io | — | 155 | —|{ ons | 
Write Command Pulse Width [ive | 40 | 7] 4 | | 5 | UT | ls | 
Waite Command to RAS Lead Tine ed A A 
Write Command to CAS Lead Time | tows | 40 | | 4) — | 55 | —] ns | 
Data-in Set-up Time (eS a oe 
Data-in Hold Time tw | 40 | - | 4 | =~] 55 | — | ns | 
Data-in Hold Time Referenced to RAS” | toe | 100 | —{ 120 | — |] 155 | —|[ ns | 
Read Command Set-up Time a a ee ee 
Read Command Hold Time Referenced to CAS” | ten | O | —{ of ~—f[ of —| ns | 
Read Command Hold Time Referenced to RAS tari 1 19 | —]{ 10 | -—{ 10 —|[ os | 
Refresh Period [tee | o~ | 2t  - | 2] -— | 2] ms | 
Read-Write Cycle Time ee ee ee ee 
CAS to WE Delay a Se) slew 
RAS to WE Delay | two | too | — {| 120 | —| 155 | —| ns | 

Page Mode Cycle Time fim | 130 | —| 5 | —/| 19 [| —| ns | 
_CAS Precharge Time (for Page-mode Cycle Only) tcp ro 60 |)6h6U— |) oo fl hU— ] 80 | CU fs 
CAS Precharge Time | tow | 30 | =] 35 | in ee 

RAS Precharge to CAS Hold Time fre a 
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Notes 


1. 
es 


o> 


AC measurements assume fy = Sns. 

Assumes that trop < trcp (max). If trop is greater 
than the maximum recommended value shown in this 
table, tp 4c exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

Assumes that trop 2trcp (max). 

torr (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

Vizy (min) and Vz; (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7; and V7,. 

Operation with the tecp (max) limit insures that 
trAc (max) can be met, trcp (max) is specified as a 
reference point only, if trcp is greater than the 
specified trop (max) limit, then access time is 
controlled exclusively by tc4c. 


MB TIMING WAVEFORMS 
@READ CYCLE 


oO 
ys 


tase (RAH 
Lasc 


Addresses 


a Vin ’ 
s i, 
Vin, tCAC 
oe 


, Open 
Dout Vow : 
Vor 


@WRITE CYCLE (EARLY WRITE) 


— 


10. 


Ras 
as oe ee 
Ver 
SannGe Gee Eee Soe eae ra 


Vin 


HM4864A-12, HM4864A-15, HM4864A- 20 
HM4864AP-12, HM4864AP- 15, HM4864AP-20 


wos: 'cwp and tryp are not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if twos 2twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if town 2 tcwp (min) and trwp 2 
tRwp (min) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

There parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles, 

An initial pause of 100us is required after power-up 
followed by a minimum of 8 initialization cycles. 


iRC 


ECPN 


fee ERCH 


torr 
4 Valid Data ) 


Ol Don’t Care 





2 Tal 
a 


Vin 
Eee 
tasr a 
Vin 





eas 
errata meee aan 


CAS 
Addresses (i Row =o F Row Address KX G Column Sue | [column Adis XK 
1 
oh: Vin 
ME Serra eee’ 
Vir, ry 2 
j—tos {oH 
Vin 
Din 


Vou 


D. 
bi Vor 


ee. 4 Valid Data : 
ee a ee 


Open 





Cj Don’t Care 
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HM4864A-12, HM4864A-15, HM4864A-20 
HM4864AP-12, HM4864AP-15, HM4864AP- 20 


@ READ-WRITE/READ-MODIFY-WRITE CYCLE 


Vin 
RAS 
Vit. 
_.. Vin 
CAS 
Viz 
{CAH 
Vin 


View 


Vii. 


Vou 


pant Vor 


Vine 


Din : ( Valid Data fj 
Vir 











Don’t Care 
“RAS-ONLY” REFRESH CYCLE 
tke _ aae2 
{KAS 
x. Yiu 
RAS t 
Ver tke 
tre 2a Oe 
- Vin aa 
Viz. 
frat 
bask 
Vin 
Addresses {tow Address 
Vir. 
Vow Open 
Pout Vor. 


C} Don't Care 


@PAGE MODE READ CYCLE 


zl 


= 
in 


Addresses 


Dout 





CJ Don’t Care 
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OT nao eA A BGA A-12, HM4864A-15, HM4864A-20 
HM4864AP- 12, HM4864AP-15, HM4864AP-20 


@PAGE MODE WRITE CYCLE 


OQ 
nm 


Addresses v 





{RAS 


tbH 


resp to 

Via ; ; yh 

BB: Valid Data x xX Valid Data} A atid Dats bh 
iL . 


C—) Don’t Care 


__N y—*__, 
[__twce| sere 
twCrR 7 

i DH 


@HIDDEN REFRESH CYCLE 


tre 
Dy : 
Vin 
RAS 
Viz 
Vin 


tase 
Vim eat 
Vin 


ee torr 


tcac 


Vou 
Open ; 
er ( Valid Data ) 
Vou 


CJ Don't Care 
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HN46332P 


4096-word < 8-bit Mask Programmable Read Only Memory 
The HN46332P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL and DTL, and requires no clocks or refreshing because of static 
Operation. 

The memory is compatible with the HMCS6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content are 
defined by the user. 





M@ FEATURES (DP-24) 

@ Fully Static operation 

@ Three-State Data Output for OR-Ties 

@® Mask-Programmable Chip Selects for Simplified Memory Expan- MPIN ARRANGEMENT 


sion 

Single + 5-Volt Power Supply 

Fully TTL Compatible 

Maximum Access Time = 350ns 
N-Channel Si Gate MOS Technology 
Pin Compatible with EPROMs 
MBLOCK DIAGRAM 














Ay Memory 3-6 De 
~State 

Aa Matrix Output - 

As Address . (4096 X 8) i me 


Decode Buffers Ds 








Alo 
An (Top View) 
Vec= Pin24 
Cs)" Vss=Pinl2 
CS2° 
* Active level defined by the user. 

M ABSOLUTE MAXIMUM RATINGS 
Supply Voltage* Vee —0.3 to +7.0 


< 


Input Voltage* Vin —0.3 to +7.0 


Operating Temperature Range Topr —20 to +75 
Storage Temperature Range Tetg —55 to +125 


* With respect to Vss. 


Mi RECOMMENDED DC OPERATING CONDITIONS 


al|a)|< 


eee ec: ae Sees eee ees a 
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HN46332P 


M ELECTRICAL CHARACTERISTICS (Vcc=5.0V+10%, Vss=OV, Ta=—20 to +75°C unless otherwise noted) 


Input High-level_Voltage ee ele ee ee 
Output High-level Leakage Current | uo | Vow =2.4V,CS=0.8V,CS=2.0v_ | — | — | 10 | HA 
Input Capacitance Vin =OV, f=1.0MHz, Ta=25°C aS Ea Se pF 
Output Capacitance Cur | Vn = OV, f=1.0MHz, Ta= 25°C a ee ee oe ee 





MAC OPERATING CONDITIONS AND CHARACTERISTICS 
@READ SEQUENCE 


Item Symbol 
Read Cycle Time 
Address Access Time tacc 
Chip Enable to Output Time 
Data Hold Time from Address 


Data Hold Time from Deselection 


ne 


a 
n 


— 
OQ 
ro] 
wy 


0 ns 


~ 
ise] 
°o 


—_ 
fa~) 


~~ 
x 
a 


~ 
=x 
wnt 
i) 


SSS ik 
A | 
we Xe 


MCOCOCOOOOO LD STV 

CS SESE SK RYN) 
tca 

eo xK_K KX 2.0V one xX xx 

TS QRRRERROL ov KRESS? 


va 
‘~ tDHA 


ON ANG AV oO a A A OO A VA OC OO A 7 
Pate Ot SOK RRO, RRS 


ME LT tT ts, Ma: (NL) Zy2 4 


MAC TEST LOAD 


i 5.0V{ Vee) 


= RL=2.4kQ 


Test Point 


130pF kQ 


tK 


Notes: 1. t- =i; =20ns 
= 2. Cx includes jig capacitance 
3. All diodes are 182074 @ 
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HN48364RAeAP — YY 


8192-word X 8-bit Mask Programmable .Read Only Memory 
The HN48364P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL and DTL, and requires no clocks or refreshing because of static 
operation. 
The memory is compatible with the HMCS6800 Microcomputer 
Family, providing read only storage in byte increments. The active 
level of the Chip Enable input and the memory content are defined 
by the user. The Chip Enable input deselects the output and puts the 


chip in a power down mode. 


M@ FEATURES 
Fully Static Operation 


Automatic Power Down 

Single +5-Volt Power Supply 
Three-State Data Output for OR-Ties 
Mask Programmable Chip Enable 
TTL Compatible 

Maximum Access Time-350ns 

Pin Compatible with EPROMs 


M BLOCK DIAGRAM 





* With respect to Vss, 


Ao 

Al Do 

Ao : Di 

A3 Memory 3-State De 

Aa Address Matrix Output Ds 

As De 

Ae Decode (8192 X8) Buffers Ds 

Ar De 

Aa D7 

Ag 

Alo 

Ai 

Ai2 

Vece=Pin 24 (Top View) 

ef Vss=Pin 12 
* Active level defined by the user 
@ ABSOLUTE MAXIMUM RATINGS 

Item Syinbol Value Unit 

Saiacas “0310 Ha ; 
Input Voltage* i Vie —Q.3 to +7.0 Vv 
Operating Temperature Range Tay —20 to +75 °C 
Storage Temperature Range —55 to +125 °C 


RECOMMENDED DC OPERATING CONDITIONS 


Supply Voltage Vee eo OO fe Oe : 


Vin 


= 
Ol<al< 


Operating Temperature 


: 
3 
bo 
o 
| 
~) 
wn 
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‘HN48364P 


MM ELECTRICAL CHARACTERISTICS (Vcc=5.0V£10%, Vss=0V, Ta= — 20 to +75°C unless otherwise noted.) 


Input High-level Voltage Vin 


Input Low-level Voltage 
Output High-level Voltage Vow Toun== — 205 4A 
Output Low-level Voltage Vor for =3.2mA 


Vi.=0 to 5.5V 


Viw =2.4V,E=0.8V,E=2.0V 


Input Leakage Current 
Output High-level Leakage Current Tion 


Vout =0.4V,E=0.8V, E=2.0V 


Output Low-level Leakage Current Trot. 
Supply Current (Active /Standby ) Tec /Le Veo =5.5V 
Input Capacitance Cis Vin =OV, f=1.0MHz, Ta= 25°C 


Output Capacitance Cant Vin =OV, f=1.0MHz, Ta=25 °C 


M® RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vec=5.0V+10%, Ta=—20 to +75°C, All timing with ?,=t;=20ns) 





Chip Selection to Power Up Time 


food 


a ow) 


Chip Deselection to Power Down Time trp 120 


Item Symbol min max. 
Read Cycle Time f Rc 350 — 
Chip Enable Pulse: Width tee Ce 
Previous Read Data Valid ieee tee 
Chip Enable Low to Output Invalid tex a 
Chip Enable High to Output High Z | 80 


Address Setup Time tas 
@READ CYCLE TIMING 1 (E Held Low) 


ADDRESS 





Q(Data out) Previous Data Valid Data Valid 


@READ CYCLE TIMING 2 


ee Vix 
ADDRESS KX Address Valid 


Vit 
: tce, 
bE Vin 
: Vit 
‘ ico tore 
V 
Qi Data out) = HI Z HI Z On 
Vec lec 
Supply 





Current Isz 


i 5.0V( Vec) 


MAC TEST LOAD S Ri =2AKO 


Test Point 


130pF 11kQ 


Notes ! 1. 2-=t;= 20ns 
2. Cz includes jig capacitance 
3. All diodes are 1$2074® 


a 


m 


ax 


S 


yQ 
on wn 


Los 
a 


12.5 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Unit 


V 
V 
V 
V 
LA 
LA 
BA 
mA 
pF 
pF 
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HN43128SP 


16384 x 8-bit or 32768 <x 4-bit CMOS Mask Programmable Read Only Memory 


The Hitachi HN43128P is a mask programmable, 16384x8-bit or 
32786x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL and DTL. Low power con- 
sumption makes this memory well-suited for battery-operation or 
hand-held personal computers. Memory expansion can be imple- 
mented through two chip select inputs. Either active ‘“‘High” or active 
“Low” of chip select inputs and a chip enable input is defined at mask 
level. The organization of 8 bit or 4 bit is designed by the user. 


MM FEATURES 

@ Mask-programmable for either 4-bit or 8-bit organization. 

@ Three-state outputs, can be wired-OR. 

@ Two mask programmable chip select terminals facilitate memory 
expansion. 

A signle 5V power supply (+10%). 

Low power consumption: 3mW typ. 

TTL compatible 

Access time: 6us (max) 

Si gate CMOS technology 


M BLOCK DIAGRAM 








CS Control 
Memory Array 
X Decoder 
131072 bits } 


Timing Generator 
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M@PIN ARRANGEMENT 





(Top View) 


*The most significant address in 4-bit organization. 


MPIN EXPLANATION 


Ao-Ai4 Address Inputs ees, 
Do-D: Data Outputs 

CS, CS, Chip Select Inputs 

CE Chip Enable Input 

Vec + 5V 

Vss GND 


*1 Active level defined at mask level. 

*2 Mask programmable selection of either 4-bit or 
8-bit organization. 
In 4-bit organization, data outputs are Do to Ds. 





HN43128P 


M ABSOLUTE MAXIMUM RATINGS 


Item 
Supply Voltage* 
Input Voltage* 
Operating Temperature Range 
Storage Temperature 


Note : * Referenced to Vss. 


Vee —-0.3~+7.0 Vv 
Vin —0.3~+7.0 V 


fee —20~+75 Cc 
Tote —55~ +125 ac 


M ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vec=5V410%, Vss=0V, Ta= —20~+75°C) 


Item 


Input “High” Level Voltage 

Input “Low” Level Voltage 

Output “High” Level Voltage 
Output “Low” Level Voltage 

Input Leakage Current 

Output “High” Level Leakage Current 
Output “Low” Level Leakage Current 
Supply Current So 
Input Capacitance 


Output Capacitance 













MAC OPERATING CHARACTERISTICS 


@READ SEQUENCE 


Item 
Read Cycle Time 
Address Access Time 
Chip Enable Access Time 
Data Hold Time from Address 
Address Set-up Time 
Address Hold Time 
Chip Enable ON Time 
Chip Enable OFF Time 





Epes [een ae ae Se 
aR eae ana ae aN Ee 
I rm =P FT 
ee ee ee KA 
8 ve 83 ae ee ee a ae 
Sec ae aT 
<*__| yoy, fe 1MHz, Ta= 28°C es oe 
ee ee eee ee 
| tne | | 6s 
eae (SE EEN Com 
eee ee ee 
@LOAD CIRCUIT 
5.0V( Vcc) 
Ri =2.4kQ 
Test point 
30pF 11kQ 


| 
o_o eee 


Notes: 1. t-=t;=20ns. 
2. Cx includes jig capacitance. 
3. All diodes are 182074 @. 
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FN613128P — ———___——— Preliminary ——— 


16384- word < 8-bit Mask Programmable Read Only Memory 
The HN613128P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL and DTL, and requires no clocks or refreshing because of static 
operation. The active level of the CS, OEo, OE, input and the 
memory content are defined by the user. The Chip Select input 
deselects the output and puts the chip in a power-down mode. 


M@ FEATURES 
Fully Static Operation 


Automatic Power Down 

Single +5-Volt Power Supply 

Three-State Data Output for OR-Ties 

Mask Programmable Chip Select, Output Enable 

TTL Compatible 

Maximum Access Time-250ns Vec 

Low Power Standby and Low Power Operation; OF: * 
Standby: 5uW (typ.) Ais 
Operation: 100mW (typ.) 





HM BLOCK DIAGRAM 


Memory 3-State 
Matrix Output 
(16384 x8) Buffers 





(Top View) 





* Active level defined by the user. 


M@ ABSOLUTE MAXIMUM RATINGS 


Supply Voltage* . 
Operating Temperature Range “C 
Storage Temperature Range G 


* With respect to Vss. 


M@ RECOMMENDED DC OPERATING CONDITIONS 











Supply Voltage 







Input Voltage 





Operating Temperature 


Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HN613128P 





M ELECTRICAL CHARACTERISTICS (Vcc=5.0V410%, Vss=0V, Ta= —20 to +75°C unless otherwise noted) 


Item Test Condition 


Input High-level Voltage 


Ee ea at ake ae ee ee ce end 
Input Low-level Voltage iL 
Output High-level Voltage oH Ton = — 205 4A 


typ ’ Unit 


Qa 


< | <| <j < 


c 


.~ 
> 


Input Leakage Current 


V,.=0 to 5.5V : 


Output High-level Leakage Current Vir =2.4V, CS =0.8V, CS = 2.0V 


2 
> 





V 
V 
V. 
aipar Lay level. Voltaee v 
i 
Cc 
C 


ee 
Output Low-level Leakage Current Vow =0.4V, CS =0.8V, CS =2.0V _ HA 
Supply Current (Active /Standby) Vec=5.5V, Inovr=OmA /CS 2 Vec—0.2V,CSS0.2V | — | 20/1 | 40/30 |mA/uA 
Input Capacitance 1 Cn | Vin OV, f=1.0MHz, Ta=25'C i ee ee ae 
Output Capacitance Vin =OV, f=1.0MHz, Ta= 25°C Be So ee oe pF 





M RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vec=5.0V+10%, Ta=—20 to +75°C, All timing with t,-=t;=20ns) 





Sn HN613128P 

Item Symbol Unit 
Read Cycle Time tre ns 
Address Access Time ae ae ee ns 
Chip Select Access Time | tas =f lL 8 ns 
Chip Selection to Output in Low Z ee ee ee ee ns 
Output Enable to Output Valid ee ee ee ns 
Output Enable to Output in Low Z Re ee a eee ns 
Chip deselection to Output in High Z | te =f Et ns 
Chip Disable to Output in High Z ee ee ee Ee ee 
Output Hold from Address Change ee eee ee ns 
@ TIMING WAVEFORM 

@READ CYCLE (1) (Notes 4) 


1RC 4 NOTES: 
: 1. Device is continuously selected. 
2. Address Valid prior to or coincident 
with CS transition low. 
3, OE = VIL. 
When CS is Low, the address 


2 SS AA AY ZZTD ‘ae 
a WY | wri 
oe ee 





Address 





tacs 
tcL2 


a_i 
bs OK KD 
@READ CYCLE (2) (Notes 1, 3,4) , 


tre 





Address 


Dout 


cS 


Dout 
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FN61256P 


32768 x 8-bit or 65536 x 4-bit CMOS Mask Programmable Read Only Memory 
The Hitachi HN61256P is a mask programmable, 32768x8-bit or 
65536x4-bit CMOS read only memory, It operates from asingle power 
supply and is compatibel with TTL and DTL. Low power consump- 
tion makes this memory well-suited for battery-operation or hand- 
~ held personal computers. Memory expansion can be implemented 
through one chip select input. Either active ‘‘High’”’ or active ““Low”’ 
or chip select input and a chip enable input are defined at mask level. 
The organization of 8 bit or 4 bit is defined by the user. 


M FEATURES 
@ Mask-programmable selection of either 4-bit or 8-bit organization. (DP-28) 


@ Three-state outputs, can be wire-ORed. 
@ One mask programmable chip select terminal facilitates memory M@ PIN ARRANGEMENT 
expansion. 

A single 5V power supply (+10%). 
Low power consumption: 7.5mW typ. 
TTL compatible 

Access time: 3us (max) 

Si gate CMOS technology 





MBLOCK DIAGRAM 


bes Sy 


CS 






Y-Decoder 












(Top View) 


MPIN EXPLANATION 





Memory Array 
X Decoder 
262144 bits 7 


ae Ao-Ats Address Inputs 
I Do-D; Data Outputs 
CS Chip Select Input 
CE Chip Enable Input 
Vec 15 
Vss GND 


*1 Active level defined at mask level. 

%*2 Mask programmable selection of either 4-bit or 
8-bit organization. 
In 4-bit organization, data outputs are Do to Ds. 
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HN61256P 


M ABSOLUTE MAXIMUM RATINGS 


Supply Voltage* Vec Vv 
Input Voltage* Vien 
Operating Temperature Range Loge : 
Storage Temperature Range Tie 


Note : * Referenced to Vss. 


< 


2) 


o) 


M ELECTRICAL CHARACTERISTICS 
(Unless otherwise specified, Vec=5V+10%, Vss=OV, Ta= —20~+75°C ) 












Item Symbol Test Condition | min | typ | max Unit 
Output “High” Level Voltage lov= — 100 4A ee ee a a 
Output “Low” Level Voltage Tor. =1.6mA re ee ee V 
Output “High” Level Leakage Current Vou. =2.4V Ce ph | HA 
Output “Low” Level Leakage Current fVue=0.4vV | -— | ~- [ 5 | HA 
Input Capacitance V..=0V, f= 1MHz, Ta=28°C =a pF 
Output Capacitance = pF 
MAC OPERATING CONDITION AND CHARACTERISTICS 
@READ SEQUENCE 
Read Cycle Time | | Hs 
Address Access Time Sa HS 
Chip Enable Access Time pet oe a Hs 
Data Hold Time from Address tor Hs 
Address Set-up Time foots ff Hs 
Address Hold Time tan fo fl Hs 
Chip Enable ON Time ee ee ee ee 
Chip Enable OFF Time | te =| 08 | OU Ls 
SS @LOAD CIRCUIT 
oe 5.0V( Vec) 
Rr =2. 4kQ 
tas { iCE | ICE Test point 
CE 30pF 11kQ 
Dout 


Notes : 1.t,=t;=20ns. 
2.Cx. includes jig capacitance. 
3.All diodes are 182074@. 
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HN462'716G 


2048- word Xx 8-bit U.V. Erasable and Electrically Programmable Read Only Memory 
The HN462716 is a 2048 word by 8 bit erasable and electrically 


programmable ROMs. This device is packaged in a 24-pin, dual-in- 
line package with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern, 
whereby a new pattern can then be written into the device. 


HN462716G 
@ Single Power Supply ---- +5V +5% 
@ Simple Programming ---- Program Voltage: +25V DC 
Programs with One 50ms Pulse 
@ Static ----- eee e seers No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

@® Fully Decoded-on Chip Address Decode 

Access Time -++++++>-:> 450ns Max. 

@ Low Power Dissipation -- 555mW Max. Active Power 

213mW Max. Standby Power 
@ Three State Output-----> - OR- Tie Capability 
@ Interchangeable with Intel 2716 





MBLOCK DIAGRAM PIN ARRANGEMENT 


















OE CS, Power Down & 
CE Prog, Logic ae Output Buffers 
[vee [Ef] rome 
a 
0 ~ Aro 






16384bit EPROM Matrix 


X Decoder i 
am 


Mi PROGRAMMING OPERATION 


CE ae Veo Outputs (Top View ) 
Mode (18) (24) | (9~11, 13~17) 


Power Down Don’t Care Lee High Z 
Program Pulsed Vii. to Vin Via | +25 | + Din 
ee Dout 


Program Verify 
Program Inhibit Vin Ree High Z 


M@ ABSOLUTE MAXIMUM RATINGS 





Item Symbol Value Unit 
Operating Temperature Range T. 0 to +70 Ee 


Storage Temperature Range — —65 to +125 C 
All Input and Output Voltages* —0.3 to +7 V 
Ver Supply Voltage* —0.3 to +28 V 


* With respect to Ground 


_ 
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HN462716G 


M READ OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Ver=Vect0.6V) 


Input Leakage Current Tur Vin=5.25V | 10 | HLA 
Output Leakage Current Ti HA 
Ver Current Io | 8 | mA 
Vcc Current (Standby ) Lee: | 35 | mA 
Vec Current (Active) Icc2 100 mA 


Input High Voltage Vn fo Vect+1 
Output Low Voltage Vor loc =2.1mA . 


Output High Voltage Vou Tlon= — 400 #A 


Note : Vi. must be applied simultaneously or before Y,;. and removed simultaneously or after Ver. 


—_ 


<apapap< 


@AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 45%, Ver= Vect0.6V) 


Parameter Symbol Test Condition min. typ. 


Unit 


Ritndse-<as Oatae Deles ae oo ae ae ee = 
*  tv+ defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

@ CAPACITANCE (Ta=25°C, f=1MHz) 

Input Capacitance Vis=0V F o= | 6 | pF 


@ SWITCHING CHARACTERISTICS 
Test Conditions 


Input Pulse Levels: 0.8V to 2.2V 

Input Rise and Fatt Times: <20ns . 
Output Load: 1TTL Gate + 100 pF 
Reference Level for Measuring Timing: Inputs 1V and 2V 


Outputs 0.8V and 2V - 


READ MODE (CE =Vi.) 


Address 


Data Out 





STANDBY MODE (OE = Viz) 


Address . 


Standby Mode 







CE Standby Mode 
Active Mode 
tne 
Data Out Data Out Valid 
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HN462716G 


@ TYPICAL CHARACTERISTICS 


fee (mA) 


tace (ns) 





2 
Temperature C 


800 


600 


{ns} 


400 


tacc (ns) 


face 
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0 
{) 20 40 60 80 


Temperature ‘°C 


@DC PROGRAMMING CHARACTERISTICS (Ta=25°C+£5°C, Vec=5V 15%, Ver=25V +1V) 


Input Leakage Current Tu Vix=5.25V 


mine | 
a ee 
Ver Supply Current Tppy CE=Vin aa ae 
Ver Supply Current During Programming Ipp2 ——— 
eae eee 


Input High Level Viw 


‘typ. max. 


So 


ww 
i=) 


~ 


Vectl 


@AC PROGRAMMING CHARACTERISTICS (Ta=25°C +5°C, Vec=5V 45%, Vep=25V41V) 


Parameter Symbol Test Condition 


| Symbol _ eae 
Address Setup Time ea eee ise, NE See ee 
OE Setup Time (a(t Diet ee a 
Data Setup Time GOES ee ee ee ee 
Address Hold Time (ee (nee he ae ee Re 
OE Hold Time Ce a Os ee 
Data Hold Time ie ee eerie ee ee ee ae ae ee 
OE to Output Float Delay* U2 ee Cs 
OE to Output Delay CE=Vii ee ee ee 
Program Pulse Width EE ae | ers (SR (| 
Program Pulse Rise Time ae a a eee ae ee ee ee 
Program Pulse Fall Time aa reapers ali eek JO ee) eee 


Notes : Vic must be applied simultaneously or before V+: and removed simultaneously or after V+. 
* > tu: defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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Unit 
HA 
mA 
mA 
mA 


Unit 
LS 
HS 
HS 
HS 
KS 
LS 

ns 


ns 


ns 


ns 


@®SWITCHING CHARACTERISTICS 
Test Conditions 
Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Times: <20ns 
Output Load: 1TTL Gate + 100 pF 
Reference Level for Measuring Timing: 
Inputs; 1V and 2V, Outputs; 0.8V and 2V 


®PROGRAMMING WAVEFORMS 


Program 


Addresses 


—tor 


tas 
Data Data Out to Data In Stable 


oO 
Ut 


tos 


CE logs ( 
tPpaT 
@ERASE 


Erasure of HN462716 is performed by exposure to ultra- 
violet light with a wavelength of 2537A, and all the output 
data are changed to ‘'1’’ after this erasure procedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W + sec/cm? 


MDEVICE OPERATION 

@e READ MODE 

Dataout is available 450ns (tcc) from addresses 
with OE low or 120ns (to¢) from OE with add- 
resses stable. 


@ DESELECT MODE 

The outputs may be OR-tied together with the 
other HN462716s. When HN462716s are dese- 
lected, the OE inputs must be at high TTL level. 


® POWER DOWN MODE 
Power down is achieved with CE high TTL level. In 
this mode the outputs are in a high impedance state. 


® PROGRAMMING 

Initially, and after each erasure, all bits of the 
HN462716 are in the “High” state (Output High). 
Data is introduced by selectively programming 
“low” into the desired bit locations. !n the program- 
ming mode, Vpp power supply is at 25V and OE 
input is at high TTL level. Data to be programmed 
are presented 8-bits in parallel, to the data output 
lines (OO to 07). 


i, 2 
ae 


HN462716G 


Program Verify 


ee TE 


Data Out 
(are 
to 


K 


tbH 


tQEH 
tpFT 


The addresses and inputs are at TTL levels. 

After the address and data setup, a 50 ms, active 
high program pulse is applied to the CE input. The 
CE is at TTL level. 

The HN462716 must not be programmed with a DC 
signal applied to the CE input. 


@ PROGRAM VERIFY 
The HN462716 has a program verify mode. A verify 
should be performed on the programmed bits to 
determine that they were correctly programmed. In 
this mode Vpp is at 25V. 


@ PROGRAM INHIBIT 

Programming of multiple HN462716s in parallel 
with different data is easily accomplished by using 
this mode. Except for CE, all like inputs of the 
parallel HN462716s may be common. 

A TTL program pulse applied to a HN462716’s CE 
input will program that HN462716. A low level CE 
inhibits the other HN462716s from being pro- 
grammed. 
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HN462716G-1 





2048-word X 8-bit U.V. Erasable and Electrically Programmable Read Only Memory 


The HN462716 is a 2048 word by 8 bit erasable and electrically 
programmable ROMs. This device is packaged in a 24-pin, dual-in- 
line package with transparent lid. The transparent lid allows the user 
to exposes the chip to ultraviolet light to erase the bit pattern, 
whereby a new pattern can then be written into the device. 


@ Single Power Supply ------ +5V +5%; 

@ Simple Programming ---::> Program Voltage: +25V DC 
Programs with One 50ms Pulse 

@ Static ---- +e ee eee ee eens No Clocks Required 


® Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@® Fully Decoded-on Chip Address Decode 





@ Access Time ---+-++++-:> 350ns Max.: HN462716G-1 sealbai 
@ Low Power Dissipation ---- 555mW Max. Active Power 

161mW Max. Standby Power ia PIN ARRANGEMENT 
@ Three State Output------- OR- Tie Capability 


@ Interchangeable with Intel 2716 


MBLOCK DIAGRAM Oo~ Or 


a 


CS,POWERDOWN& in 
PROG,LOGIC OUTPUT BUFFERS 


-— Y Y GATING 
DECODER 





i | 
Ao Ato 
: 16384 bit - clo Mes) 
DECODER EPROM MATRIX 


Mi PROGRAMMING OPERATION 


Mode (18) (20) (21) (24) (9~11; 13~17) 


Program Verify Vit Vin +25 +5 Dout 


Program [nhibit Vin Vin +25 High Z 
M ABSOLUTE MAXIMUM RATINGS 


Item Value Unit 
All Input and Output Voltages* 
Vee Supply Voltage* Vee 


* With respect to Ground 


<1<1dla 
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HN462716G-1 


M READ OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 15%, Vep= Vec£0.6V) 


Output Leakage Current Vour=5.25V /0.4V oe ee ee LA 
Vcc Current (Standby) CE = Vin, OF = Viz ae 13 mA 
Note : Vic must be applied simultaneously or before V1 and removed simultaneously or after Vi. 

@AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Vep=Vec£0.6V) 

Parameter Symbol Test Condition BIN be ec Unit 
p_min | typ | max 

CE to Output Delay CE=Vit fs oe 120 ns 

Note : tyr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

@ CAPACITANCE (Ta= 25°C, f=1MHz) 

Input Capacitance Vin=OV Fo | 6 pF 
Output Capacitance Vour=0V ee a ee pF 


@® SWITCHING CHARACTERISTICS 
Test Conditions 


Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Times: < 20 ns 
Output Load: 1TTL Gate + 100 pF 
Reference Level for Measuring Timing: Inputs 1V and 2V 
Outputs O0.8V and 2V - 
READ MODE(CE = V,_) 

Address 

OE 

Data Our 





STANDBY MODE (OF = Vi.) 


Address 






CE Standby Mode Standby Made 
Active Mode 
tor 
Data Our 


4 Data Out Valid 
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HN462716G-1. 


@ TYPICAL CHARACTERISTICS 


Icc (mA) 


tacc (ns) 


tacc (ns) 


tacc (ns) 





0 20 40 60 80 0 


4 5 6 7 
Vec (V) 


Temperature (‘C) 


PROGRAMMING OPERATION 
@®DC PROGRAMMING CHARACTERISTICS (Ta= 25°C £5°C, Vec=5V 45%, Vep=25V+1V) 


Input Leakage Current Vec=5.25V 
Ver Supply Current Tre 


| Srmbol ae 
elias as 
[tens [ CE ae 
ie Pe = ea 
a ee 
vn [a0 [=| vet | 

[mes | 


Input Low Level 
Input High Level 


Veo Supply Current aaa roma 


@AC PROGRAMMING CHARACTERISTICS (Ta=25°C£5°C, Vec=5V+5%, Verp=25V+1V) 


Address Setup Time ae SORES GAT Be RETIN ER 
OE Setup Time a ees Be one ee 
Data Setup Time ee 
Address Hold Time ER a eae mane ee ee Ae eee 
OE Hold Time ee Seer eee Ce oe ee See 
Data Hold Time 2 a ae oe ee ee 
OE to Output Float Delay tor E=Vii re a oe ee 
OE to Output Delay | toe | CE=Vn a ee ee 
Program Pulse Width res ee eee 
Program Pulse Rise Time aes ee (Eee ree ieee Me ee nee ee 
Program Pulse Fall Time fe ae eet ee te ee 


Note : Voc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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Unit 
uA 
mA 
mA 
mA 


HN462716G-1 


@SWITCHING CHARACTERISTICS 
Test Conditions 


Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Times: S 20 ns 

Output Load: 1TTL Gate + 100 pF 
Reference Level for Measuring Timing: inputs 1V and 2V 


Outputs 0.8V and 2V 


®PROGRAMMING WAVEFORMS 


PROGRAM PROGRAM VERIFY 


Address (| 








ee » 4 Data In Stable » 


( Data Out » 
Valid 
: pe a 


tPRT 


Data 


tpFr 


@ERASE 


Erasure of HN462716 is performed by exposure to ultra- 
violet light with a wavelength of 2537A, and ail the output 
data are changed to ‘’1"’ after this erasure procedure. 

The minimum integrated close {i.e., UV intensity x expo- 
sure time) for erasure is 15W + sec/cm’. 
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HN462532G, HN462532G-2-—— 


4096-word x 8-bit U. V. Erasable and Programmable Read Only Memory 
The HN462532 is a 4096 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 24-pin, dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 


M@ FEATURES 


@ Single Power Supply ...... +5V +5% | eerie 
@ Simple Programming ..... Program Voltage: +25V D.C. 
Program with One 50ms Pulse 
@ Stale -j.cecncbukeawieles No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and 


MBLOCK DIAGRAM 


Program Modes 
Fully Decoded On-Chip Address Decode 


Access Time ............ 450ns (max.) HN462532G 
390ns (max.) HN462532G-2 
Low Power Dissipation .... 858mW (max) Active Power 
201imW (max) Standby Power 
Three Stste Output ....... OR-Tie Capability 
Compatible with TMS2532 


CE C Output 


Y 
Decoder 


Buffers 


Ao~ An § 0 
0 X 32768 bit 
: Decoder EPROM Matrix 





MMODE SELECTION 


Mode (20) (21) (24) (9 to 11, 13 to 17) 
Read Dout 
Stand “High Z 
Program Inhibit High Z 
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MPIN ARRANGEMENT 





(Top View) 


= —HN462532G, HN462532G-2 


M ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 


All Input and Output Voltages* -0.3 to +7 V 


< 
a 
S 
oO. 


Vn Voltage TEE v 
Operating Temperature Range 0 to +70 C 
Storage Temperature Range Tei —65 to +125 < 


* With respect to GND. 


M READ OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vec+0.6V) 


Parameter Test Condition | min | typ | max Unit 
Input Leakage Current fh, Via = 5.29'V > ae ae ae LA 
Vin Current rn [Ven=8-85V0 tC em 
Input Low Voltage Vit. wags | Pe V 





Input High Voltage Vin Veet] 


Output Low Voltage Vor Io. =2.1mA 
Output High Voltage Vow Ton== —400 HA 


Note > Vir must be applied simultaneously or before V:+ and removed simultaneously or after Ver. 


<|<j< 


@AC CHARACTERISTICS ( Ta=0 to +70°C, Vec=5V+5%, Vep= Vect0.6V) 
HN462532G-2 HN462532/G 


Parameter Test Condition - on eee omins a Unit 
m 
CE High to Output Float * tor a a ee 100 be cee eer 100 ns 


* : tyr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 


Test Conditions 


Input Pulse Levels: ; 0.8V to 2.2V 

Input Rise and Fail Times: < 20 ns 

Output Load: 1TTL Gate + 100pF 
Reference Level for Measuring Timing: inputs; 1V and 2V, 


Outputs; 0.8V and 2V 


Address d 


Standby Mode Active Mode Standby Mode 


lor 


Data Out 4 Data Out Valid > 


@ CAPACITANCE ( Ta= 25°C, f=1MHz) 


eet 
Vou =OV eae ee 













Parameter 








Input Capacitance 


Output Capacitance 
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--HN462532G, HN462532G-2 


M@ PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25°C 45°C, Vec=5V15%, Vep=25V+1V) 


Input Leakage Current Lilien 2 25V /0.4V Le eed 


Vcc Supply Current 150 
Input Low Level 


Input High Level Vin 


ree 
ee ee ee 
ee 


@AC PROGRAMMING CHARACTERISTICS ( Ta=25°C+5°C, Vec=5V 45%, Vep=25V+1V) 


Veo#1 


Address Setup Time a (ea ae AE a 
Data Setup Time (he re eee nea ee oe St 
Address Hold Time ee ee ee eee eres cee oe 
Data Hold Time Lee Me ee ee ee es ee 
Setup Time from Ver ee ee eer Ce ee 
Program Pulse Hold Time [A eae eee errant (ee 
Ver Hold Time ee eee Or ee ee 
Program Pulse Width 5 a RRRNNCREET (E20 BE 
Program Pulse Time ec er ir ees eee 
Program Pulse Time ee ae 


Note : Vic must be applied simultaneously or before Vir and removed simultaneously or after Vr. 


@ SWITCHING CHARACTERISTICS 
Test Conditions 


Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Times: < 20 ns 

Output Load: 1TTL Gate + 100pF 
Reference Level for Measuring Timing: Inputs; 1V and 2V, 


Outputs; 0.8V and 2V 





Address ( 5 
{AH 
{ps 
= rie lprT ik tpar fs 


tVPPS 


Vpp ix XXX XY 

@ ERASE 

Erasure of HN462532 is performed by exposure to ultra- 
violet light with a wavelength of 2537A, and all the output 
data are changed to “1” after this erasure procedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W + sec/cm?. 
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— 
ay 


Unit 
KA 
mA 
mA 


HN462532G, HN462532G-2 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 











40 
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HN462732G, HN462732G-2——_ 


4096- word x 8-bit U.V. Erasable and Programmable Read Only Memory 
The HN462732 is a 4096 word by 8 bit erasable and electrically 


Programmable ROM. This device is packaged in a 24-pin, dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 


HN 462732G 
| FEATURES HN 462732G -2 
@ Single Power Supply ...... +5V +5% 
@ Simple Programming ...... Program Voltage: +25V D.C. 
Program with One 50ms Pulse 
© States ck het oeawes No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Fully Decoded On-Chip Address Decode 





@ Access Time ............ 450ns (max) HN462732G 
390ns (max) HN462732G-2 et 
@ Low Power Dissipation .... 150mA (max) Active Currents 
30mA (max) Standby Current 
@ Three State Output....... OR-Tie-Capability 
@ Compatible with INTEL 2732 
MBLOCK DIAGRAM MPIN ARRANGEMENT 
On ~ Or 
re 














Output 
Buffers 








32768 bit 
EPROM Matrix 





y 
Decoder 


X 
Decoder 


MIMODE SELECTION 


(Top View) 


Mode (18) (20) (24) (9~11, 13~17) 
Read Dout 

Stand by High Z 
Program Din 
Program Verify Dout 
Program Inhibit High Z 
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HN462732G, HN462732G-2 


MM ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range oe 
Storage Temperature Range €c 
All Input and Output Voltage* on Rena C7 KR V 
Ver Voltage* —-0.3 to +28 V 


* With respect to GND 


MREAD OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5Vt5%, Vep= Vect0.6V) 


Test Condition 
Viv=5.25V 
Viv=5.25V 
Vow =5,.25V 
OE = Vit 


Parameter Symbol 
Input Leakage Current (Except OE/Vpr) 
OE /Vpp Input Leakage Current 


Output Leakage Current 
Vec Current (Standby ) 
Vec Current (Active) 





150 
Input Low Voltage aces A 
Output Low Voltage Vor 


Output High Voltage 
@AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V45%, Vep= Vcc £0.6V) 


=2.1mA 


slsisisirleleje|r 
= = GS Pe [SS Pe. fo 
QO 
5 
= 
= 
: 


= ee) 
fs = 
Hi it 
I |: 
= eo 
Q 
z 2 
> = 


Parameter Symbol 


Address to Output Delay 


ro’ 
QD 


[ HN462732G-2 | __HN462732/G 


Test Condition | min. | typ. | max.| min. | typ. | max.| 
cea Eee 





Unit 


ns 


CE to Outpt Delay 2 TOERW, P= [300 f= a60- 
Output Enable to Output Delay: 0 
Output Enable High to Output Float * lor CE=Vit | — | 100} 0 | — | 100) ns 


Ia 
: 
7) 
= 


Address to Output Hold tow 


* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Times: < 20ns 
Output Load: 1TTL Gate + 100pF 
Reference Level for Measuring Timing: Inputs 1V and 2V 
Outputs 0.8V and 2V 
Address 4 X 
CE 
Standby Mode Active Mode Standby Mode 
tce 
OE 
tog 
tacc tor 


LLL 


Data Ou Vata Out Valid 
oe AW 
@ CAPACITANCE ( Ta= 25°C, f=1MHz) 


OE rr Input Capacitance [Gn Wieno 
Output Capacitance Vow = OV ha ee ea eS 


pry 
al 
i 
> 


cea ea ES ae et 


Unit 


pF 
pF 
pF 
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HN462732G, HN462732G- 2 


@ PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Vcc=5V £5%, Vep=25V41V, Ta=25°C+5°C) 


Parameter Symbol 
Input Leakage Current 
Output Low Voltage During Verify Vor 
Output High Voltage During Verify Vou 


Vec Supply Current 
Input Low Level 


Input High Level (All Input Except OE /Vpp) a = ae 


Vpp Supply Current Tpp CE = Vi,, OF = Vpp 


@AC PROGRAMMING CHARACTERISTICS (Vcc=5V 45%, Vep=25V41V, Ta=25°C+5°C ) 


Parameter Symbol Test Condition 


max. Unit 


o 
< 
— 


R 
wn 


— 

Qo 
3 . 
ee a 


150 


<< 


Vec+1 


wo 
oO 
3 

> 


Unit 


= 
Ret 
ao} 


~ 
> 
3 wn 


CE Pulse Width During Programming 
OE Pulse Rise Time During Programming per 


| min | op 
Address Setup Time ee ae ees Hs 

OE Setup Time bogs Be Sale 
Data Setup Time tos fF 2 fl Hs 
Address Hold Time | tan | oo | = | Hs 
Data Hold Time Pee ee Hs 
Chip Enable to Output Float Delay* | oo | lu 120 ns 
Data Valid from CE CE = Viz, OF = Vit fo | = HS 

| te | 45 | 80 

| tr | a a 

a ae ee 


~ 
= 
r) 


Veep Recovery Time 


* tyr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
Test Conditions 


Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Times: < 20ns 

Output Load: 1TTL Gate + 100pF 
Reference Level for Measuring Timing: Inputs; 1V and 2V, 


Outputs; 0.8V and 2V 


Program Program Verify 


Address 
Address ( Address N ) N+m 
( Data In Stable \ 
(Address N) 
tos 





Data Data Out Valid N 


4 (Address N) 
i tor 


tov 


tax 
OE 


toes 


tPRT 


@ ERASE 

Erasure of HN462732 is performed by exposure to Ultra- 
violet light of 2537A, and all the output data are changed 
to ’'1"’ after this prosedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W + sec/cm’. 
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HN462732G, HN462732G-2 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 


100 


a B= 
rT | 
aa ee eeen 
plod ln dheslon eed 
Pee de 









80 







lee {mA) 
mh 
S 







40 











Vee (V) 





ESE 
CEE 
Coe 
3 4 5 6 7 


Vee (V) 







(mA) 





SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


100 





Peale silat 
eae =F e 
Nal — Scab ea 
fete fee de We ae 
Saas 
Pedestal Mea tle Saal 
Resse 
8 5 a 

es Sen eee 







80 





60 









20 Sy 
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HN482732AG Series-— under Development - 


4096-word < 8-bit U. V. Erasable and Programmable Read Only Memory 
The HN482732A is a 4096-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 24 pin dual-in-line 
package with transparent lid. | 

The transparent lid on the package allow the memory content to be 
erased with ultraviolet light. 


@ FEATURES 

@ Single Power Supply ...... +5V +5% 

@ Simple Programming...... Program Voitage: +21V D.C 
Program with one 50ms Pulse 

© SC latiCn ies aan eek ee No clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Mode 

@ Access Time ............ HN482732AG-20 200ns (max) 
HN482732AG-25  250ns (max) 
HN482732AG-30 300ns (max) 

@ Absolute Max. Rating of Vpp Pin... 28V 

Low Stand-by Current ........... 35mA (max) 

@ Compatible with Intel 2732A 





MBLOCK DIAGRAM 












OE/Verz © 


Output 
Buffers 


32768 bit 
EPROM Matrix 


Powerdown & 
Prog, Logic 
Y 
Decoder 


Le 
x 
Decoder 











(Top View) 







Ao~ An 
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HN482764G, HN482'°764G-3 Preliminary 


8192-word X 8-bit U. V. Erasable and Programmable Read Only Memory 
The HN482764 is a 8192 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the package 
allows the memory content to be erased with ultraviolet light. 


M FEATURES 

@ Single Power Supply ...... +5V + 5% 

@ Simple Programming...... Program Voltage: +21V D.C. 
Program with one 50ms Pulse 

WSIS: Soc cndes: dsb yee wanes No Clocks Required 

@ Inputs and Outputs TTL Compatible During Both Read and 


Program Mode. 

Access Time............. HN482764G 250ns max 
HN482764G-3 300ns max 

Absolute Max. Rating of Vpp pin... 28V 

Low Stand-by Current............ 35mA max. 

Compatible with Intel 2764 


MBLOCK DIAGRAM 


Power Down 
Output 
Prog. Logic 
Buffers 
| vee 


os 
‘J =lE 


CO 
™ 





Ao 65536 bit 
{ 
X~Decoder 
Ave ; 
Memory Matrix 


MMODE SELECTION 


Mode — — a a a (11~13, 15~19) 
Read | Vin | Dout 
Stand-by High 2 
Program Inhibit ee eae een High Z 


x 


‘don’t care 


M ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range 0 to +70 ‘C 
Storage Temperature Range —~65 to +125 Cc 
All Input and Output Voltage* —0.3 to +7 V 

V 


Ver Voltage —0.3 to +28 





* ‘with respect to GND 





HN482764G, HN482764G-3 


MPIN ARRANGMENT 





(Top View) 


Note) 

The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachi’s 
Sales Dept. regarding specifications. 
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HM READ OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V5%, Vep=Vect0.6V) 


Parameter 


Input Leakage Current 


Output Leakage Current 


Vir Current 
_Vec Current (Standby ) 
Vec Current (Active) 
Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 


HN482764G, HN482764G-3 


Test Condition | min | typ | max | Unit 
Thr Wiew 8. 2508.80 
es a ee 
ee ie ee ees 
| dee | CE=OE=v. | CC | tt | 
Ss aA (20 I a 
a es ay Te ec 
Se ned me ee 
ase ie ee ee 


@AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£5%, Vep= Vec£0.6V) 


Parameter 


Address to Output Delay 


CE to Output Delay 
OE to Output Delay 


OE High to Output Float 


Address to Output Hold 


& 
= 
= 


[te [CEOE=Vn SSSSCSC~SC Ss | 00 | 
a Ek a 
[Tie [CB a tt 080 | 
a Ck 
te [CE-OE-v,SSCSC~—~—C 


Note | tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 


Test Condition 
Input Pulse Levels: 


Input Rise and Fall Time: 


Output Load: 


0.8V to 2.2V 
< 20ns 
1TTL Gate + 100pF 


Reference Level for Measuring Timing: Inputs; 1V and 2V 


Address 


Data Out 


Output; 0.8V and 2.0V 


i Active Mode ; 


Led Data Out Valid NSS 
ANN LLY 









Standby Mode Standby Mode 


@ CAPACITANCE ( Ta= 25°C, f=1MHz) 


Parameter 


Input Capacitance 


Output Capacitance 
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Ee ort eo eee 
A 


HN482764G, HN482764G- 3--27-———-_-CX“V—. OOOO 


Mi PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS ( Ta=25C+5°C, Vec=5V £5%, Verp=21V £0.5V) 


Input Leakage Current Tis Via=8.25V se) 


ener) 
Out put Low Voltage During Verify Vor lo, =2.1mA ips? ae 
Output High Voltage During Verify Vou ee eee 
Vec Current (Active) Tocz Sea ee 
Input _Low Level ee ee gee | 
Input High Level Vin ae ae 


@ AC PROGRAMMING CHARACTERISTICS (Ta=25C £5T, Vec=5V£5%, Ver=21V £0.5V) 


15 


oO 


Veott 





Ww 
—) 


Address Hold Time tan ae A ae 
Data Hold Time tou a 


13 


OQ 


PGM Pulse Width During Programming 
CE Setup Time ices 
Data Valid from OF tox 


Note : fpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


1 


ot 


0 


~ 

- 
oF 

= 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Reference Level for Measuring Timing: Input; 1V and 2V 
Output; 0.8V and 2V 
Program Program 
a ena eea eel Sa ST eS 
a es Cae | 
¢ 
1 
ie 
Data {dae In Stable ‘pap 


tor 


4 


V 
Vpp 


O 

rm 
= 
lary ai 
s v 


OE 


ro 
7 


M@ ERASE 

Erasure of HN482764 is performed by exposure to Ultra- 
violet light of 2537A, and all the output data are changed 
to ‘1’ after this erasure procedure. The minimum inte- 
grated dose (i.e. UV intensity x exposure time) for erasure 
is 15W + sec/cm? 


Unit 
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FN482764G-4- 


8192-word X 8-bit U.V. Erasable and Programmable Read Only Memory 
The HN482764 is a 8192 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the package 
allows the memory content to be erased with ultraviolet light. 


HN 482764G -4 





@ FEATURES 
@ Single Power Supply ..... +5V +5% 
@ Simple Programming...... Program Voltage: +21V D.C. 
Program with one 50ms Pulse 
@ SiatiC. Acta e eae eae No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and 
Program Mode 
@ Access Time..........05- 450ns max. (DG-28) 
e Absolute Max. Rating of Vpp Pin... 28V 
@ Low Stand-by Current............ 35mA max. 
@ Compatible with Intel 2764 
MBLOCK DIAGRAM MPIN ARRANGEMENT 
CE buffers 


vn ate 





ts 65536 bit 
X-Decoder 
An Memory Matrix 


MI MODE SELECTION 


CE OE PGM Vep Vec Outputs 
Mode (20) | (22) | (27) | (1) | (28) | (11~13, 15~19) 


(Top View) 


Read -‘Dout 


Stand by Vec High Z 
Program Vit Vep Din 
Program Verify Vit Dout 
Program Inhibit High Z 


X : Don’t care 


M ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range °C 
Storage Temperature Range 0 
All Input and Output Voltage* V 


%* : With respect to GND 
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HN482764G-4 


WM READ OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 15%, Ver=Vec+0.6V) 


Input_Leakage Current Ptr | Vec=8.25V.Vn=5.25V | = | Tt A 
Output Leakage Current | tio | Woc=5.25V, Vu =5.25V/0.4V | | || 
Vec Current_(Standby) poss [CEVA 
Veo Current (Active) | toe [CE=OE=vu | = | 0050 | ma 
Input_Low Voltage ae eam (es Pe ae ee 
Input High Voltage Vi ee | ee 
Output_Low Voltage pM [tum2tma | | ts TV 
Output High Voltage Vou | Tov= —400 #A | o24 fo o— f| = | ov 


@AC CHARACTERISTICS ( Ta=0 to +70°C, Vec=5V+5%, Ver= Vec£0.6V) 


Parameter Symbol Test Condition min. max. Unit 


CE-OF =Viz | = — | 450 ns 
OE to Output Delay ns 
OE High to Output Float tor 130 ns 


Address to Output Hold boy CE OR = Viz a ns 


Note : fur defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


Address to Output Delay tacc 
CE to Output Delay 


~ 


| 


CYP OQ 
T1) 5 


ie) 
ty 


CE 


™ 


OE 


| 
eos Pn pe 
cole fe 
bs 
> 
— 
i] 
: 


@® SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.8V to 2.2V 

Input Rise and Fall Time: < 20ns 

Output Load: 1TTL Gate + 100pF 
Reference Level for Measuring Timing: Inputs; 1V and 2V 


Output; 0.8V and 2.0V 


Address 












CE 
Standby Mode Standby Mode 
OE 
Data Out \ 


LLL OE SS 
KL em DD 


@ CAPACITANCE ( Ta= 25°C, f=1MHz) 


Parameter Test Condition | min, | 


pF 


© HITACHI 223 





HN482764G-4 


HM PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS ( Ta=25+5°C, Vec=5V +5%, Vep=21V +0.5V) 


Parameter Test Condition min. typ. max. Unit 


@AC PROGRAMMING CHARACTERISTICS ( Ta= 25°C £5°C, Vec=5V +5%, Ver=21V £0.5V) 





Address Setup Time ae ee as ee ore ee ee 
OE to Output Float Delay tor i 130 ns 
PGM Pulse width During Programming Ee ee ee Sn ee ms 


Note : tp defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
_ Test Condition 


Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20ns 
Reference Level for Measuring Time: Input; 1V and 2V 


Output; 0.8V and 2V 


Program Program 


a is ae 
Data Out 


| 
me Coe [ee + _{ PT) 


Vpp 
Vec ivs 
CE : 


Res tOE 
OE 
@ ERASE | 


Erasure of HN482764 is performed by exposure to Ultra- 
violet light of 2537A, and ail the output data are changed 
to “1” after this erasure procedure. The minimum inte- 
grated dose (i.e. UV intensity x exposure time) for erasure 
is 15W * sec/cm?. 


—_ 
as] 
c 


5 
wn 
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HN48016P 


2048-word X 8-bit Electrically Erasable and Programmable ROM 


This device operates from a single power supply and features fast 
single address location programming. Al! the words are erased by one 
TTL level pulse. Erasing the bit pattern and programming new 
pattern can be made within 42 seconds. 





M FEATURES 
e@ Single Power Supply ...... +5V +5% 
e@ Simple Programming...... Program voltage: +25V D.C. 
Program with one 20ms pulse. 
e Electrically Erasing ....... Erase Voltage: +25V D.C. 
Erase all words with one 200ms pulse. 
@ Fully Static............. No clocks required. 
e !nputs and Outputs TTL compative during read, program and 
erase: mode, PIN. ARRANGEMENT 
e Fully Decoded .......... On-Chip Address Decode. 
@ Access Time ............ 350ns Max. 
e@ Low Power Dissipation .... 300mW Max. 
@ Three State Output....... OR-Tie Capability 
@ Pin-out Compatible with Intel 2716. 


M BLOCK DIAGRAM 





Ao ~ Are 


(Top View) 


16381 bis 


EEPROM Matrix 


MIMODE SELECTION 


Mode aa (20) a eae (8~11, 13~17) 
Read Dout 
Deselect a ee a High Z 
Program LS Din 


Note’ The specifications of this device are subject to change without notice. 


Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HN48016P 


MM ABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


All Input and Output Voltage Vin, Vuuee —0.3 to Vee +0.3 or Ver +0.3 V 
Vcc Voltage —Q.3 to +7.0 
Vpp Voltage Vpp —0.3 to +28 

0 to +70 
—65 to +125 


oO 
Q 


<j< 


Operating Temperature Range 


lee 


opr 


ato 


Storage Temperature Range 


cy 


MM READ OPERATION 
@DC AND OPERATING CHARACTERISTICS (Vec=5V +5%, Vee= Vect0.6V* Ta=0 to +70°C) 





Vec Current | tees CS =Vin/Vn | 8m 

rte Ui a | 
Ui ns 

sare Gaee Vor |tumtémA | CT Te TV 

* The tolerance of 0.6V allows the use of a driver circuit for switching the Vpr supply pin from Vcc in read to 25V for programming. 

@AC CHARACTERISTICS (Vec=5V 5%, Vep=Vect0.6V, Ta=0 to +70°C) 

Chip Select to Outpat Delay | tev | POM=Vn ST SSSC*d te 


@ TEST CONDITION 


Input pulse levels: 0.8V to 2.0V 

Input rise and fall time: < 20ns 

Output load: 1TTL Gate + 100 pF 
Reference level for Measuring Timing: Inputs 1V and 1.8V 


Outputs 0.8V and 2.0V 


Address 


~ 
~ 
o 
ms 


Output 





Data Out Valid 


@ CAPACITANCE ( Ta= 25°C, f=1MHz) 
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HN48016P 


HM PROGRAM OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Vec=5V+5%, Vep=25V41V, Ta=0 to +70C) 


Parameter Test Condition 


Input Leakage Current Vin=5.25V 


Vcc Supply Current - 
Veep Supply Current 


Vit. 
Vin 


typ 


— 
Oo 


(ot) 
ho 
oOo 


Input Voltage 


| 
No] oOo 
o|=_— 
— 
Qo 
So 


@AC PROGRAMMING CHARACTERISTICS (Vec=5V 15%, Ver=25V41V, Ta=0 to +70C) 


Test Condition 


tet 
no) 


Parameter Symbol 


Address Setup Time 


CS Setup Time tess 
Data Setup Time 
Address Hold Time tan = 


3 
@ or 3 
~ 


S > 
A w 


CS Hold Time (ee eae eer ee ae ey 


Data Hold Time a eee eee oe ee 8 


Chip Deselect to Output Float Delay [ot = 6flti<itstsi‘i‘id;SS Tt 00 
Chip Select to Output Delay tco a ee ea 150 
Program Pulse Width ipw en a oe 

Program Pulse Fall Time 


Vpp Setup Time ips 


CS to Program Mode T ime 


Vpp Read Mode Time tv 


Pe ee | a ae 
| Sees See Ae 
Ver Hold Time ae ae es See eS 
ere ne a 
ee i 


%* If the mode changes from program mode to program verify mode sequentially (in the same address), ta must be larger than tesw + tev. 


@ TEST CONDITION 
Test Condition 


Input pulse levels: : 0.8V to 2.0V 
Input rise and fall time: 20ns (10% to 90%) 
Reference level for Measuring Timing: Input; 1V and 1.8V 


Output: 0.8V and 2.0V 


Program 
Read Program Verify Read 


| Address Address 
Address Valid | Valid 
{ in 
Data L | Stable Valid 
tco 


Rn ES 
TRA A 


Vec 
we tv# 
+25V 
Vpp , 


+5V 


Unit, 


uA 
mA 
mA 








ns 


ns 


ms 


ns 


ns 
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HN48016P 


MERASE OPERATION 
@DC ERASING CHARACTERISTICS (Vcc=5V 15%, Vep=25V41V, Ta= 0 to +70) 


Parameter 


Unit 
HA 
mA 
mA 


Input Leakage Current 
Vcc Supply Current 


Vep Supply Current 
Input Voltage 


@AC ERASING CHARACTERISTICS (Vcc=5V£5%, Vep=25V£1V, Ta= 0 to +70C) 


cs Setup Time tecss 


Unit 


LS 
PGM to Output Delay 

Erase Pulse Width tay ms 
Erase Pulse Rise Time LERT ns 
Erase Pulse Fall Time ter ns 


Vep Setup Time 
Veep Hold Time 


Erase Program Time tgp 


™m 
= 


wai 
v 


~~ oe | ~ 
th $32] 
7) 3° 


Program Enase Time tpe 


~ 
‘v 
Oy] 


k 
wn 


@ TEST CONDITION 
Test Condition 


Input pulse levels: 0.8V to 2.0V 


Input rise and fall time: 


20ns (10% to 90%) 
Input; 1V and 1.8V 


Reference level for Measuring Timing: 
. Output; 0.8V and 2.0V 


Erase Verity ®Erasing—Programming—Erasing 


| Read Erase er Read all “1” 


Erase Program Erase 


Address - ( Don’t Care ) = Address Don't Care 





| 





Don’t Care 
me HHO bs 
a cs 
cs ie 
— PGM 

PGM ! 

terr 

Vpp +25V 
tEn 
FBV —— LL mS A ce cre wet 

Vpp 


+5V 
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BIPOLAR 
RAM 


HM2105 


256-word X 1-bit Fully Decoded Random Access Memory 


The HM2105 is a 256-word x 1-bit read/write random access 
memory developed for application to buffer memory, control 
memory, etc. 

@ Level ..... ee ie ae eee »+ee+e- IOK ECL compatible 
Chip select access time ........ sc bipiheeeece weeeee T2ns (max) 
Address access Time ............ vee eeeeeeese ons (max) 
Power Consumption ................-... 1.8MW/bit (typ) 
Output obtainable by Wired-OR (open emitter) 


M@ TRUTH TABLE 


Input 


a 
anyoneHH |X| XT Not Selected MIPIN ARRANGEMENT 
al Write “0” 
ae Write “1” 
ab LT UTX | Dowt* | Read 


xX > Don't care 
%* : Read out non-inverted 


Output Mode (DG-16) 





MBLOCK DIAGRAM 


X Address 
Deender 





Sense Amp 
Write Drivers 
Y Address 

Decoder 


b444 
Ag As Ae Ar 






(Top View) 


M ABSOLUTE MAXIMUM RATINGS 


Output Current mA 
Storage Temperature G 
Storage Temperature Tu(Bias)|  —55 to +125 | °C 


* Under Bias 
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M ELECTRICAL CHARACTERISTICS 


HM2105 


@DC CHARACTERISTICS (Vee = —5.2V, Ri=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Item Symbol 





Test Condition 

[ef 1000 = aa | 

Fasc | =960 [=P a0 
+25°C — 1650 


Vou 


Output Voltage 


S 








fe a 
Output Threshold Voltage Vin=Vine or Viza BENS Ps en ea 
pe [6 
90 ais [= 
Guaranteed Input Voltage = — = 

Mii. Visa Fees Aubin | tee | ~1n05 | | 810 | 

Input Voltage : 
cs 

Guaranteed Input Voltage : 





Input Current 


Vin= Vite 0 to +75°C — 
All Input and Output Open. +75°C 


Test pin 8. OC 


i 


a 
i 
ae ne?) 
© 
ae 


L 
Power Supply Current Tee 


3 
lio 


@AC CHARACTERISTICS 
(Vee=—5.2V+5%, Ta=0 to +75, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 


Chip Select Access Time lacs fF o- | 7] 


—~ 
Ly) 


Chip Select Recovery Time ERcs 12 
Address Access Time taa Ree 35 

2. WRITE MODE 

Address Hold Time tw aa ee aa 
Chip Select Setup Time | 3 | = | 
Write Disable Time tw s ae a re 
Write Recovery Time | twa 15 | 20 | 


Unit 


mV 


mV 


mV 


HA 


mA 


Unit 
ns 
ns 


ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM2105 


3. RISE AND FALL TIME 


Output Rise Time 
Output Fall Time 





4. CAPACITANCE 











pee 
=== 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Item 


Input Lead Capacitance 





Output Lead Capacitance 





t, =t,=2.5ns typ 


-2.0V 
R; =50Q 





0.01 F 


° 
Vir Ct =30pF (includes jig and 
stray Capacitance} 









3. READ MODE 
Address 
taa 
1B 
Dout Vita 
4. WRITE MODE 
CS 90% - nnn ne 
Address 
Din 
WE 
+a V 
Dout twsces 1HB 


WS fwr 
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Supply Current Jee (mA) 


Supply Current Jee (mA) 





HM2105 


SUPPLY CURRENT ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. AMBIENT TEMPERATURE 
40 
= 30 
te 
2 40 
10 
-20 0 20 40 60 80 100 — 20 0 20 40 60 80 100 
Ambient Temperature Ta (°C) Ambient Temperature Ta (°C) 


SUPPLY CURRENT 


vs. SUPPLY VOLTAGE 
120 





Supply Voltage Ver (V) 
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HM2106 


256-word x 1-bit Fully Decoded Random Access Memory 


The HM2106 is an ECL compatible, 256-word x 1-bit, read/write 
random access memory developed for application to scratch pad, 
control and buffer memories, etc. which require high speeds. 


@ It is compatible with 10K ECL logic. 

@ Chip select access time ...............0..0-... 10ns (max) 
@ Address Access time ...........ccceecececee. 15ns (max) 
@ Power consumption ..................... 1.8mW/bit (typ) 
@ Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Input 
= a Output Mode 
cs WE 
MPIN ARRANGEMENT 





Din 


x : Don’t care 
* : Read out non-inverted 







MBLOCK DIAGRAM 






16X 16 










Memory 
Cell 


Sense Amp 
Write Drivers 


X Address 
Decoder 
Word Drivers 











Y Address 
Decoder 






(Top View) 






Aa As Ae At 


M ABSOLUTE MAXIMUM RATINGS 


Output Current — 30 mA 
Storage Temperarature GC 
Storage Temperature Tste( Bias) * °C 


* Under Bias 
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HM2106 


M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Ver= —5.2V, Ri=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 

















56 000 a 
Ys Fasc | 960 [= a0 | 
+75°C —720 © 
pease uae Vacca tis ae eee 
isto | =| 168s 
Vou +25°C | —1850 | — | —1650 
+75c | —1830 |  — | —1625 
+ 75°C 
Output Threshold Voltage Vin=Ving or Vira : ee aa aed mV 
Guaranteed Input Voltage - 
High for All Input : 
+75°C | —1045 | — | —720 
Guaranteed Input Voltage : 
+25°C | —1850 | — | —1475 
Low for All Inputs ; 
+75°C | -1830 | — | —1450 
Inpt Current Came Lee ) 
: i ae eee 
All Input and Output Open. + 75°C — 120 
@AC CHARACTERISTICS 
(Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 
Item Test Condition | min | typ Emax | Unit 
Chip Select Recess Tine i NE ST ET 
2. WRITE MODE 
Item Test Condition min | typ | max | Unit 
Address Hold Time twua ee ah | ee. ns 
chip Selsce Serpe Tine = — ae 
Chip Select Hold Time twucs oa a oe ns 
Write Disable Time ei age eg ane 
Write Recovery Time twr ee eee ae ns 
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HM2106 


3. RISE/FALL TIME 


Output Rise Time 


oe 
Output Fall Time hee 
bees 





4. CAPACITANCE 










Test Condition 





Input Capacitance 


Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 





1. LOADING CONDITION 2. INPUT PULSE 
GND 
~0.9V 
80% 
20% 
~L7V 
av tp =ty=2.5ns typ 
at Va Rt =50Q 
(L=30PF (includes jig and stray capacitance) 
3. READ MODE 
Address 50% 


laa 


Ving 
Dout 


Vita 





4. WRITE MODE 





Address 










| 
inane Pb pst coalceantiiocath 


Vita 


fws fwr 
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Supply Current fee ima: 


Output “I” Level Von (V) 
4 
o 
S 


Address Access Time faa (ns: 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


Lakntkteslct 
ptAL | 


= 
: 
= 
ad 
* 
= 


~20 0 20 40 nt) & 


Ambient*Temperature Ta (‘C) 


OUTPUT “1” LEVEL 
vs. AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ver =~ 5.20V 





100 





Fall) 


100 





Ambient Temperature Ta (°C) 


80 


100 


Output “0” Level Vor (V) 


Supply Current [ee (mA) 


Address Access Time taa (ns} 


HM2106 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vee (V) 


OUTPUT “O” LEVEL 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 





Supply Voltage Ver (V) 
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HM10414, HM10414-1 


256-word X 1-bit Fully Decoded Random Access Memory 


The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write, 
random access memory developed for high speed systems such as 
scratch pad and control/buffer storages. 
The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 
The HM10414 is encapsulated in cerdip-16pin package, compatible 
with Fairchild’s F10414. | 
@ Fully compatible with 10K ECL level 
@ Address access time: HM10414: 10ns (max.) 

HM10414-1: 8ns (max.) 
Write pulse width: 6ns (min.) 
Three chip select pins 
Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


= =— Output Mode 
CS WE Din 


any one H Not Selected 
all =o L Write “0” 
all LL H Write “1” 


xX : Don’t care 


* : Read out non-inverted 


M BLOCK DIAGRAM 






X Address 
Decoder 





ee SU hee 
Write Deivers 
Y Address 
Decoder 


As As Ae a 





MABSOLUTE MAXIMUM RATINGS 


Supply Voltage Vv 
Input Voltage +0.5 to Vez Vv 
Output Current mA 
Storage Temperature : & 
Storage Temperature C 


* Under Bias 
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MPIN ARRANGEMENT 





(Top View) 


HM10414, HM10414-1 


M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Ver = —5.2V, Ri. =500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


@AC CHARACTERISTICS 










are Se 
in tHe Or {LA oc | - |] =| — 1645 m 

Sia 

—1145 —840 

Vis Guaranteed Input Voltage ee ie | 0 | 
salsa ok Pe OC SIG | | Say 

Vi Guaranteed Input Voltage TER SHS 

Low for All Inputs : 

60 [=| =f eo 

Osher (aes ae 
Tall npat and Outpt Open, [4050 | - | -w [=], 


(Vee=—5.2V+5%, Ta=0. to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 


1. READ MODE 


Item 


Chip Select Access Time 
Chip Select Recovery Time 


Address Access Time 
2. WRITE MODE 


Item 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 


Write Recovery Time 


3. RISE/FALL TIME 


Item 
Output Rise Time 
Output Fall Time 


4. CAPACITANCE 


Item 


Input Capacitance 


Output Capacitance 






HM 10414 HM10414-1 


r=[3s}s[-),3|6 | 
es [es 


ie Vie ee ee 
ee ee ee 
ie ee ee 
Sr 
ae 
Pa 
ae = 





Test Condition 


T= 3s 
ee ee 


239 





HM10414, HM10414-1 


MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITIONS 2. INPUT PULSE 
GND 


-0.9V 
80% 


20% 
= 17¥ 


CL 
| t,=t¢=2.0ns typ 


Cr=30pF (includes jig and stray capacitance) 






—2.0V 


= Rr =502 


Address 50% 





ta4 


Dout 50% 





4. WRITE MODE 










Address 


= ) ne | 
WE twsp—~ t wHa——+ 





Dout 
SUPPLY CURRENT SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


200 





180 
<x 
£ | 
160 < 
a & 
= Ey 
he — 
5 140 2 
Oo 5 
2 Pa 
a. J 
2 OQ 
2 120 = 

> 
70) 
100 
Vee=—5.20V 
80 
—20 0 20 40 60 80 100 
Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
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Address Access Time taa (ns) 


Chip Select Access Time tacs (ns) 


Write Pulse Width iw (ns) 








HM10414, HM10414.-1 


ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 











E 
~ 
o 
Ambient Temperature Te (‘C) Supply Voltage Vee (V) 
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
6 6 
5 5 
4 g 4 
3 5 3 
2 & 2 
& ° 
1 1 
= 
0 at 
—20 0 20 40 60 80 100 
Ambient Temperature Ta (°C) Supply Voltage Ver (V) 
WRITE PULSE WIDTH WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
= 
é 
Ambient Temperature Ta (C) Supply Voltage Vee (V) 


241 


HM2110, HM2110-1,HM2110-27 


1024-word<1-bit Fully Decoded Random Access Memory 


The HM2110 Series item is an ECL compatible, 1024-word x 1-bit, 
read/write, random access memory developed for application to 
scratch pads, control and buffer memories, etc. which require high 


speeds. 

@ |tis compatible with 10K ECL logic. 

@ Chip select access time ............- 10ns (max.) 

@ Address access time .........ccee0e HM2110: 35ns (max.) 


HM2110-1: 25ns (max.) 
HM2110-2: 20ns (max.) 
@ Power consumption ,...... Po ee ee 0.5mW/bit (typ) 
® Output obtainable by Wired-OR (open emitter). 


MTRUTH TABLE 





Input 
== Mode 


xX . irrelevant 
* : Read out noninverted 


MBLOCK DIAGRAM 











X Address 
Decoder 
Word Drivers 


© Dout 


Write Drivers 
and Sense Amp 







X Address 
Decoder 





So 6 6 6 OG 


As As Az Aa Ag 


M ABSOLUTE MAXMUM RATINGS 

HM2110 Series Unit 

+0.5 to —7.0 V 
+0.5 to Vee V 


Item Symbol 
Supply Voltage Vee to Vec 
Input Voltage 
Output Current Tout 
—65 to +150 °C 
—55 to +125 °C 


Storage Temperature 


3 
> 


Storage Temperature Tst, (Bias) * 


* Under Bias 
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(DG — 16A) 





MPIN ARRANGEMENT 





(Top View) 


HM2110, HM2110-1, HM2110-2 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, Ri=500 to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec) 
Item Symbol Test Condition max (A) Unit 


; | 1000 | 









oe be es 
~1 | co | o 
eon es 
olio!lo 


as 
en pie eae Se _ 


0°C — 1020 
+75°C 
Vin= Vine or Vita : 920 | mV 


Vouc 


fe 
° 
b 


Output Threshold Voltage 











aS ae 
Vou —~ 1630 
dd 
| oc | -145 | =| 80 | 
Vin ter all pate Lares [mos | ao | 

ee FP eo ete 8 
V Guaranteed Input Voltage — eS 

- Low for All Inputs 

se [mise P= aa 
Sa a CE 


@AC CHARACTERISTICS 
(Vece=—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec, see test circuit and waveforms) 


1. READ MODE 
H 


NO 

nr 

— 

[a=) 
no 
= 
be 
—_ 
pamat 
7 
—_ 
am 
= 
Bo 
—_ 
_ 
ue 
db 

ant 

= 

ot 





Item Test Condition - = ae ge 
ee 
Mess haces Tine [inn] = Ls f= pep = pe Pe Pe 
2. WRITE MODE 

M2110 M2110-1 M2110-2 
Item Symbol Test Condition Unit 


typ 


o> 
Me 
ao} 


Write Pulse Width 


twsa=8ns 


ns 


es 
Data Setup Time ns 
Data Hold Time pap eee “ns 
Address Setup Time | twsa | tw=25ns ord ns 
Address Hold Time | twa | | ns 
Chip Select Setup Time | — | ns 
rn 


ns 


—_ ) 
o|;|o 


am 


Chip Select Hold Time twucs 
Write Disable Time tws 
Write Recovery Time twr ns 


3 
ntl ind 
7) 
oc 
Me 
3 
ste ifi fifi} js fle. 
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HM2110, HM2110-1, HM2110-2 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 





4. CAPACITANCE 


ty 
Input Capacitance C; 





Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 2. INPUT PULSE 
GND 






= — t 
HM2110 t, =ts =2.5ns typ 
Ci 
oT 
= Ve Rr =50Q 
Ee C1. =30pF {includes probe and 
jig capacitance) 
3. READ MODE 
Address 50% 
tas 1 
D Ving 
out 
Vita 





4. WRITE MODE 


Cs 50% 


cme cme ee ee rc ee ee ee ee re rm ee ee eee ee ee 


Address 





tws twer 
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Address Access Time tas (ns) 


HM 2110, HM2110-1, HM2110-2 





SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 
120 
100 
= 89 S 
e = 
E : 
= 5 
2 40 = 
20 
0 
~ 20 0 20 40 60 80 100 
Ambient Temperature Ta (°C) Supply Voltage Ver (V) 


ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 


| 


iam Ss 
HM2110-2 Pe nts ee 
ST 


30 






20 0 20) 40) 60 80 100 


Ambient Temperature Ta (°C) 
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HM2112, HM2112-1 


1024-word x 1-bit Fully Decoded Random Access Memory 


The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc. which require high speeds. 








MM FEATURES 

O LOVEl obelisk Ee iweb ees 10k ECL Compatible 

@ Construction ......... Dic atab ate? Siacanetauent 1024-word by 1-bit 

@ Address Access Time .............000- HM2112 10ns (max.) 
HM2112-1 8ns (max.) 

@ Chip Select Access Time ........... cece cceeeee 5ns (max.) 

@ Power Consumption ............0eececees 0.8mW/bit (typ) 

@ Output Obtainable by Wired-OR (open emitter) 

@ Fully Pin Compatible with F10415 

MTRUTH TABLE MPIN ARRANGEMENT 

Input 


xX : Irrelevant 
* : Read out noniverted 


MBLOCK DIAGRAM 





(Top View) 





X Address 
Decoder 
Word Drivers 








© [aout 






Write Drivers 
and Sense Amp 


X Address 
Decoder 







As Ae Az Aa As 


MABSOLUTE MAXIMUM RATINGS 
Item Symbol HM2112 Unit 


Supply Voltage Vezr to Veo +0.5 to —7.0 V 


Input Voltage | Vin +0.5 to Vez V 
Output Current j Dawe 30 mA 


Storage Temperature Das —-65 to +150 


Storage Temperature Tax ( Bias }* —55 to +125 °C 


%* Under Bias 
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MELECTRICAL CHARACTERISTICS 


HM2112, HM2112-1 


(Vee=—5.2V, Ri=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


@®DC CHARACTERISTICS 


Item Test Condition 





Symbol 

0"C 
+ 25°C 
+75°C 

0c 
+25°C 
+75°C 

0c 
+25°C 
+75°C 


Vin = Vina or Vine 


Output Voltage 


| 
~ 
bho 


f 


Vouce 


Output Threshold Voltage Vin=Vine or Vira 


+25°C 
+75°C 
0c 


Votc 





i 


Guaranteed Input Voltage 









Vin +25°C 
High for All Inputs 
I isi +75°C 
t Voltage 
le : oC 
Vie Guaranteed Input Voltage 125°C 


Low for All Inputs 


CS 
In Vin=Vize 
Other 
All Input and Output Open, 
Supply Current Tee 
Test Pin 8 


@®AC CHARACTERISTICS 


+75°C 
0 to +75°C 


Input Current 


0 to +75°C 


Ta=0°C 
Ta =75°C 


(Ver=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 


1. READ MODE 
HM2112-1 
Item Symbol Test Condition 
typ 


Chip Select Access Time 3 


lacs 1 
Chip Select Recovery Time ircs 1 


Test Condition 


Address Access Time baa 


2. WRITE MODE 


Item Symbol 


typ 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time w 


1 


lwsp 
twup 
Ewsa 
twHa 
twscs 


twucs 


wn 


Write Recovery Time 


ec 
‘o) 


eer 
a0 
= 
200 


em 
= 
i] 
paul, 
— 
i] 
ae 


max (A) 
— 840 


T1009 [= 
=I 
Ek 


~— 1625 


— 1870 


— 1645 
— 1630 
-- 1605 

—840 


aes 
—1145 


— 1475 
— 1450 


— 
~) 
Qo 


o 
no) 


ry 
oS 


ae 
bo 
. “< od 
— 
be 


~“_ 
or 


HM2112 


M< 
uo) 


et 


Unit 


mV 


mV 


mV 


KA 


Unit 


= 
n 


P| 
wn 


= 
wn 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM2112, HM2112-1 


3, RISE/FALL TIME 


Item Symbol Test Condition min eek 
Output Rise Time 0.8 | 
Output Fall Time | 0.8 
4. CAPACITANCE 


Input Capacitance 


Unit 


ns 


fas 


Unit 
pF 
pF 


~ 
=~ 


3 
Output Capacitance Cou a a ae oe 


MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 2. INPUT PULSE 
GND 


—-0.9V 










—1,7V 
16 l 
HM2112 : tr=tys=2.0ns typ 
L 
0.01 uF —-2.0V 
aa Ri =50Q 
Vee Ci.=30pF(inctudes probe and jig capacitance) 
3. READ MODE 
Address 50% 
laa 
Dout 





4, WRITE MODE 





cs 50% 


Address 


248 


Supply Current [eg (mA) 


Address Access Time ta, (ns) 


Chip Select Access Time tacs (ns) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


—20 (0 20 40 60 BU 


Ambient Temperature Ta ("C: 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ambient Temperature Tg (°C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 





100 





Supply Current Jee (mA) 


Address Access Time 


Chip Select Access Time tacs (ns) 


HM2112, HM2112-1 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 





Supply Voltage Vee (V) 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 





Supply Voltage Vee (V) 
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HM2112, HM2112-1 


250 





WRITE PULSE WIDTH WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


w S 
c n 
pores Long 
E . 
~~ = 
~~ 
ss 
3 os — 
Peete ae] 
= = 
© —_ 
eds 2 
po) n 
au = 
oS = 
= 
oe v 
= cee 
= t 
= 





D.72 — 5.20 — 4.68 


Ambient Temperature Ta (°C) 


«Supply Voltage Veg (V) 


HM10422 


256-word x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild’s F10422. 


M FEATURES 
256-word x 4 bit organization. (DG-24A) 

Fully compatible with 10K ECL level 

Address access time: 10ns (max) m PIN ARRANGEMENT 
Write pulse width: 6ns (min) 

Power dissipation: 0.8mW/bit 

Output obtainable by wired-OR (open emitter) 





MTRUTH TABLE 


Input 
—— Output Mode 
BS WE 





H x 


Notes) X : Irrelevant 
* : Read out noninvert 


M BLOCK DIAGRAM 





(Top View) 


Y-Decoder/Driver 


Memory Cell Array 
256 Words 4 Bits 


tow 
v 
2 
i 
=) 
~ 
i 
] 
“Ss 
io] 
7) 
eo 
o 
D 
bad 


Block 2 Block 3 Block 4 
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HM10422 


MABSOLUTE MAXIMUM RATINGS 


Item 
Supply Voltage 
Input Voltage 
Output Current 
Storage Temperature 
Storage Temperature 
* Under Bias 


Symbol Rating Unit 


F050 -70 | V 


= 
“ee He fc 
Tits(Bias)* —55 to +125 *C 


MELECTRICAL CHARACTERISTICS 
(Vec=—5.2V, R.=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


@®DC CHARACTERISTICS 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


Symbol 


Test Condition 


0°C 
G 


min (B) typ 







Vou 


+25C 
+75 C 


Vin=Vina 
or Vize — 1870 
— 1850 


— 1830 


Vou 


0 
0°C 


— 980 


Vouc 


Vin=Vine or Vita 


—1145 
— 1105 
— 1045 
— 1870 


G teed | t Volt 
uaranteed Input Voltage 105°C 


+75C 


High for All Inputs 


Guaranteed Input Voltage 


+25C 
+75°C 


0 to +75C 


Low for All Inputs 





—~ 1830 


Tin Vin = Vina 


b x > 
QQ 


| 
_ 
Ca 
oi 


BS 7 17 
i see ca 
P All Input and Output Open, Ta=0°C Fo | 
"| Test Pin 12 Ta=75°C = 


@AC CHARACTERISTICS 


1, READ MODE 


Item 
Block Select Access Time 
Block Select Recovery Time 


Address Access Time 


2. WRITE MODE 


Item 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Block Select Setup Time 
Block Select Hold Time 
Write Disable Time 


Write Recovery Time 
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Symbol 


tags 


Test Condition typ 


tres 


Symbo] Test Condition 


twsa=2ns 


3 
) 
* 


typ 


twsop 


twsa 
twHa 
lwses 
twHes 


tws 


max (A) 


— 840 


“1 | oo 
vo | — 
ole 


— 1665 


— 1645 


| i | 
| — | —_ 
co] CO] Dl nH nn 
at | eT Se fC i) 
Qolol ats Q 


| 
p— 
r~ ~) 
~~] i) 
Pos | Se 


0 


Unit 


mV 


mV 


HA 


mA 


Unit 
ns 
ns 


ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM10422 


3. RISE/FALL TIME 











Output Rise Time 
Output Fall Time 


4. CAPACITANCE 


Input Capacitance 





Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 


Vcc (GND) 






—1.7V 


a 


te=t;=2.0ns typ ty 


Ch 


a 


a Ri =50Q 
C.=30pF( includes 


probe and jig 
capacitance) 


0.0luF 


3. READ MODE 


| | Address 


80% fat———— t AA «=| 
Dout | 50%, | 
| | Y 
| | | j lie Dout 


4. WRITE MODE 





tws4 tvHRS 


— mn ee ey) ee eee ae cum ae ae oe ee 


50% 
Dour 
ts HS 


tir 
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HM10422 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


_ 160 
E 
~ 140 
° 
rs) 
> 120 
3 
100 
80 
— 20 0 20 40 60 80 10 
Ambient Temperature Ta (°C) 
ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 
12 
11 
€ 10 
E 
= 9 
~ 8 
© 
3 
< 


20 0 20 40 6 


Ambient Temperature Ta (°C) 


BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Block Select Access Time tass (ns) 


Vee= —5.20V 


7 0 20 40 60 80 


Ambient Temperature Ta (‘C) 
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Vee= —5.20V 
0 80 10 


100 


0 


0 


Supply Current fee (mA) 


Address Access Time taa (ns) 


Block Select Access Time taas (ns) 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 





—5.72 5.20 — 4.68 
Supply Voltage Vee (V) 


ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 





—5.72 —5.20 — 4.68 


Supply Voltage Vee (V) 


BLOCK SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 





—5.72 — 5.20 — 4.68 


Supply Voltage Vee (V) 


Write Pulse Width (ns) 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 





—20 0 20 40 60 
Ambient Temperature Ta (‘C) 


80 


100 


Write Pulse Width tw( ns) 


WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 


Supply Voltage Ver (V) 


HM10422 
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HM104'70, HM104'70-1T 


4096-word <1-bit Fully Decoded Random Access Memory 


The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10470 is encapsulated in cerdip-18pin package, compatible 
with Fairchild’s F 10470. 


M@ FEATURES 

@ 4096-word x 1-bit organization 

@ Fully compatible with 10K ECL level 

@ Address access time: HM10470 25ns (max) 
HM10470-1  15ns (max) 

@ Write pulse width: HM 10470 25ns (min) 
HM10470-1  15ns (min) 

@ Low power dissipation: 0.2mW/bit 

@ Output obtainable by wired-OR (open emitter) 





@ PIN ARRANGEMENT 


MTRUTH TABLE 


Input 
—— —— Output Mode 


Notes) X : Irrelevant 
* : Read Out Noninvert 


MBLOCK DIAGRAM 





(Top View) 


Ao © 
A, Oo es 64 X64 
nm te > 
Az © rh 3 e Memory Cell 
Ay © 33 i Array 
3 eo = 
Ay © >< = 





ae + >» O Dout 
— ; 
Sense Amp and D C “aa: 0 TE 


Write Drivers al IL 
@ pom 
«= 


~ wo ® 8 FF 


M ABSOLUTE MAXIMUM RATINGS (Ta=25'C) 


Output Current ftw [| 30 mA 
Storage Temperature ze: 
Storage Temperature °C 


* Under Bias 
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HM10470, HM10470-1 


TEST CIRCUIT AND WAVEFORMS 


@DC CHARACTERISTICS (Vez =—5.2V, R.=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


max(A) 
— 840 
—810 
== F20) 
— 1665 
— 1650 
— 1625 


oc | —1000 
+25°c | —960 
+ 75°C 

oc | —1870 
+25°C | ~—1850 
+75°C | —1830 

oc | —1020 
+25°C | —980 
+75°C 

oC 
+25°C 
+75°C 

oC 
+25°C 
+75°C 
oC 
+25°C 
+75°C 


Vo Hu 


Output Voltage Vin=Vina or Vize 


Vor 


Vouc 


Vin= Vins or Vira 


Output Threshold Voltage 
— 1645 


— 1630 
— 1605 
—840 
~~ 810 
—720 
— 1490 
—~ 1475 
— 1450 


Voic 





—1145 
—1105 
— 1045 
— 1870 
~— 1850 
— 1830 


Guaranteed Input Voltage 
High for All Inputs 


Input Voltage 


Guaranteed Input Voltage 


a" 
He 
on 


Low for All Inputs 


~ x 





Test Pin 9 


=75°C 


ie Oto +75°C | — | 
Input Current 170 
- ; . ne = 
All Input and Output Open, a= 
Supply Current Tee ee hyo 280% | 
es ee 





* HM10470 
* * HM10470-1 


@AC CHARACTERISTICS (Vez =—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 


, Seabal r ee HM 10470 HM10470-1 
tem ymbo est Condition 
Ce [am | min | oe | 


Chip Select Access Time tacs | — | w | — | — | 
cee ae ee 
i | me | 


Chip Select Recovery Time trcs 


Address Access Time bia 


2. WRITE MODE 


HM10470 HM10470-1 
Item Symbol Test Condition 
typ 


Write Pulse Width 
Data Setup Time twsp 2 
Address Setup Time iwWsa Ew=tw min 3 
Address Hold Time iwHa 

Chip Select Setup Time twscs 


Chip Select Hold Time twHCs 
Write Disable Time 


et 
< 
Ko) 


on 


ow 
= 
wn 


10 


— 
oS 


Write Recovery Time 


Unit 


mV 


mV 


KA 


Unit 


ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM10470, HM10470-1 


3. RISE/FALL TIME 


ees es ee es 


Output Rise Time ae oe 


Output Fall Time 





4. CAPACITANCE 


Input Capacitance 
Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 








1. LOADING CONDITION 2. INPUT PULSE 
Test Circuit -0.9V 
@ Vcec(GND) 
-1,7V 
tr =ts=2.0ns typ 
Ri =50Q 
Ci=30pF (includes 
b ji 
= Vee ~2.0V ay 
3. READ MODE 
Address 50% 
taA 
Dout 50% 





4. WRITE MODE 
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Address Access Time taa (ns) Supply Current Tee (mA) 


Chip Select Time tacs (ns) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 





—20 0 20 40 60 80 100 
Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 






Pee a 
10 ee an 
0 20 40 6 


0 80 100 


Ambient Temperature Ta (°C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 






0 40 60 80 10 


Ambient Temperature Ta (C) 


0 


Supply Current Ize (mA) 


Address Access Time taa (ns) 


Chip Select Time tacs (ns) 


HM10470, HM10470-1 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 





80 
Sole —5.20 —4.68 


Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 





Supply Voltage Veg (V) 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 









HM10470 
HM10470-1 


—5.72 — 5.20. ~ 4.68 





Supply Voltage Vee (V) 
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HM10470, HM10470-1 


260 


Write Pulse Width tw (ns) 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 





iis Vee=—5,20V 
0 60 


Ambient Temperature Ta (°C 


100 


Write Pulse Width tw (ns) 


WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 


saneee 
ar 
Lt ot 3 


~5.72 5.20 —4.68 


35 













30 


25 


20 





Supply Voltage Ver (V) 


HM104'°74 


1024-word x 4-bit Fully Decoded Random Access Memory 


The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read/write, random 
access memory developed for high speed systems such as scratch pads and control/ 
buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide isolation method 
with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible with Fair- 
child’s F10474. 


FEATURES 
1024-word x 4bit organization 


Fully compatible with 10k ECL. level 


Address access time: HM 10474 25 ns (max) 
HM 10474-1 15 ns (max) 

Write pulse width: HM 10474 25 ns (min) 
HM 10474-1 15 ns (min) 


Low power dissipation: 0:2 mW/bit 


' Output obtainable by wired-OR (open emitter) 


TRUTH TABLE 


riciri| ao] Q| 
x 


Notes : X; }rrevelant 


*.Read Out Noninverted 


# BLOCK DIAGRAM A, Ar As A, 














Memory Cell Array 
1024Words x 4 Bits | 





X-Decoder/Driver 





Block 1 | Block 2 | Block 3 | Block 4 
‘Cie Cee Cee 
Circuit | Circuit | Circuit | Circuit 


O 
— oo) — om 


A Be Re Re 8 





Mode 


Not Selected 
Write “0” 
Write “1” 
Read 


(DG-24A) 


# PIN ARRANGEMENT 





(Top View) 
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HM10474 





= ABSOLUTE MAXIMUM RATINGS (7, =25°C) 


Item Symbol Rating Unit 
Supply Voltage Ver to Voc +0.5 to —7.0 V 
Input Voltage in +0.5 to Veg 
Output Current lout mA 


~~ 


tad 
< 


—65 to +150 ° 
—55 to +125 ° 


Storage Temperature 


QO 


stg 
Storage Temperature T stg (Bias)* 


io) 


* Under Bias 


#® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vef=-5.2V, Ry =502. to-2.0V, 7,=0 to + 75°C, air flow exceeding 2m/sec) 


HM10474 HM10474-1 
Test Conditi 
Item Symbol est Condition ive tp Unit 











a Ee 

A Da 

fev Oe 020r I) er], nas NOM el ed 

utput Threshold 4£75°C | -920 | - | - | ~-920] ss 3 

[ae Een ee err ede 

SS Se = 1605 

Se estee dns suds | = | -ea0 | -1145 | 
ne nef te [asoas T= [120 [-toas [=| -720] 
° m 

eet re joel S18 700 [F900 

IL Low for All Inputs ny ~1830 eee eee 

C CS OS | Pet 0.5 170 
Input Current —— oe os, 170 os ee HA 
cmon [we [eerie po 

2 = 


@ AC CHARACTERISTICS (Vep=-5.2V 45%, Tq=0 to + 75°C, air flow exceeding 2m/sec) 
1. READ MODE 


Chip Select Access Time 


Chip Select Recovery Time 


Address Access Time 
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HM10474 


2. WRITE MODE 











HM10474* HM10474-1 















































Item Test Condition Unit 
| typ. | 
Write Pulse Width 15 ee ns 
Data Setup Time Hef ns 
Data Hold Time [sae ns 
Address Setup Time an | 3 | - | ns 
Address Hold Time 2 } = | ns 
"Chip Select Setup Time Zee ns 
“Chip Select Hold Time | 2) - | ns 
Write Disable Time Pf | ns 
“Write Recovery Time fF - | - {| 8 | ns 


3. RISE/FALL TIME 







< 
ae} 


fol 


cs ec: 


# TEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Output Rise Time 





Output Fail Time 





4, CAPACITANCE 







Input Capacitance 







ae 


Output Capacitance 





Test Circuit 
Oo Vcc (GND) 








Ry 
Bi 4aV 
0) UO) 
ais VEE -2.0V 


R,=502 
Cy =30pF (includes 





0.01pF 





probe and jig t,=tp=2.5ns 
capacitance) 


3. READ MODE 


Address 50% 





TAA 


Dout 50% 
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HM10474 


4. WRITE MODE 


Address 


Din 


WE 





50% 


Dout 


[WR 
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HM100415 077-0000 Preliminary 


1024-word x 1-bit Fully Decoded Random Access Memory 
The HM100415 is a 1024-word x 1-bit, read/write random access 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 

The HM100415 is compatibie with the HD100K families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This memory is encapsulated in cerdip-16pin 
package. 





M@ FEATURES 

@-LGvel.. gage i iia bene aes 100K ECL Compatible 

@ Organization ......... cee ee ee eee 1024-word by 1-bit 

@ Address Access Time .........cc cee s eee eraece 10ns (max) 

@ Chip Select Access Time .........c0ceeeacecees 5ns (max.) 

@ Power Consumption ............000 ee eee 0.6mW/bit (typ) 

@ Output Obtainable by Wired-OR (open emitter) M@PIN ARRANGEMENT 
@ Compatible with Fairchild F100415. 


MTRUTH TABLE 


Input 
Output Mode 
WE 


x Not Selected 
x 


a ae 
ese eo 





Write “1” 


ee ete) 


Notes) X : Irrelevant 
* > Read Out Noninvert 





MBLOCK DIAGRAM 






(Top View) 





X Address 
Decoder 
Word Drivers 





9 Dout 









X Address 
Decoder 





As As Ar As Ag 


M ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 


Storage Temperature °C 
Storage Temperature Tste(Bias)* °C 


* Under Bias 


Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HM100415 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—4.5V, Ri. =500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 





=~ 
=z 
Ss 
a 

il 
Ss 
=x 
» 


mes HA 
HA 
mes 


Input Current 





Output Voltage Vin=Vina or Vize 
Output Threshold Voltage Vin= Vine or Vita 
== a 
Vin Guaranteed Input Voltage — 1165 | — | 880 mV 
Input Voltage . 
Vit High/Low for All Inputs —~ 1810 = 1475 mV 





Supply Current All Inputs and Outputs Open mA 
@AC CHARACTERISTICS (Vez =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 
Chip Select Access Time | — | 3 | 5 | ns 
Chip Select Recovery Time | — | 3 | 5 | as 
Address Access Time baa 10 ns 
2. WRITE MODE 
Data Setup Time Fog | oo | = | ns 
Data Hold Time fF 2 | oo | ns 
Address Hold Time eo ee | ns 
Chip Select Setup Time | 2 | o | | ns 
Chip Select Hold Time | 2 | 0 | = | os 
Write Disable Time t Ks | - | 3 } 5 | ns 
Write Recovery Time F - | 3 fos | ns 
3. RISE/FALL TIME 

Symbol | Test Condition | min 






Output Rise Time 









Output Fall Time ty 


o,e 


Input Capacitance Cin 





4. CAPACITANCE 


Output Capacitance Cout 
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HM 100415 


MTEST CIRCUIT AND WAVEFORMS 
1, LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V 
O Vec(GND) 


-1.7V 





te =ty=2.0ns typ 





Ri=50Q 


—2.0V 
a8 VEE Cr=30pF (includes 
probe and jig 


capacitance) 


Address 50% 


LAA 


Dout 50% 





4. WRITE MODE 


CS Gs aa as a es la ey ee te 
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HM100422, HiM100422F 


256-word X 4-bit Fully Decoded Random Access Memory 
The HM100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild’s F 100422. 


HM 100422 


HM100422F 
M FEATURES 
256-word x 4-bit organization 
Fully compatible with 100K ECL level 
Address access time: 10ns (max.) 
Minimum write pulse width: 6ns (min.) 
Low power dissipation: 0.8mW/bit 
Output obtainable by wired-OR (open emitter) 





MTRUTH TABLE 


Input ee Gas @PIN ARRANGEMENT 
WE | Din @HM100422 
Xx Not Selected 





ai ae 6 aa 


Notes) X : Irrelevant 
* > Read Out Noninvert 


MBLOCK DIAGRAM os As Ar 





Y-Decoder/Driver 


Ao 





Memory Cell Array (Top View) 
Ai 256 Words X4 Bits 


@HM100422F 


Ao oat Ao ver Ar As 
A2 


X-Decoder/Driver 


A; 


As 


Block 1 Block 3 Block 4 





(Top View) 
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HM100422, HM100422F 


ABSOLUTE MAXIMUM RATINGS (Ta=25C ) 


Item Symbol Unit 
“Signy Voltage Vee to Vcc Vv 
Input Voltage Vin Vv 
Output Current p80 mA 
Storage Temperature . 
Storage Temperature Tste (Bias )* : 


* Under Bias 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—4.5V, Ri=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


Vou —955 
L 


° 
= 


OQ 


: 
~ 
mR 


QO 


max (A) Unit 
— 880 mV 











| typ | max (a) | 
— 1025 
Output Threshold Voltage ue fveevin or tn |B ail 
= a 

' Vol Guaranteed Input Voltage | -1165 | — | —880 | mV 
Mee eee Va High/Low for All Inputs | —isi0 | = — | 1475 | mV 
Input Current 7 BS fos | | 170 ke 
Supply Current All Inputs and Outputs Open — 200 — 165 Dene be mA 
@AC CHARACTERISTICS (Vee =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec ) 
1. READ MODE 

Block Select Access Time fF — | = | 5 ns 
Block Select Recovery Time f — | - | 5 ns 
Address Access Time ns 
2. WRITE MODE 

Block Select Setup Time Fo 2 | o | = | ns 
Block Select Hold Time | 2 {[ 0 | — | os 
Write Disable Time fF — [| 4 | 8 | ns 
Write Recovery Time | twa | | — [| 48 | 9 | ns 
3. RISE/FALL TIME 


4. CAPACITANCE 


4 
7 





Input Capacitance in | — | 
Output Capacitance Cout | | 
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MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
cy Vec(GND) 





0.0luF 


VEE —2.0V 
ae Ri =502Q 


Cr =30pF( includes 
probe and fig 
capacitance) 


3. READ MODE 





4. WRITE MODE 


Address 


Din 


Deut 


{WS AS 
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HM100422, HM100422F 


2. INPUT PULSE 


Sle 





te ty 


tp ty=2.0ns typ 


Address 


= t 4 4 


Dout 


twins 
50%, 


lweR 


HM1004'70 


4096 -word x 1-bit Fully Decoded Random Access Memory 


The HM100470 is ECL 100k compatible, 4096-words x 1-bit, read/write, random 
access memory developed for high speed systems such as scratch pads and control/ 
buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide isolation method 
with double metalization. 

The HM100470 is encapsulated in cerdip-18pin package, compatible with Fair- 
child’s F 100470. 


» FEATURES 

@ 4096-word x 1-bit organization 

@® Fully compatible with 100k ECL level 

@ Address access time: HM 100470 25 ns (max) 

HM 100470-1 15 ns (max) 

@ Write pulse width: HM 100470 25 ns (min) 
HM 100470-1 15 ns (min) 

@ Low power dissipation: 0.2 mW/bit 

@® Output obtainable by wired-OR (open emitter) 


# TRUTH TABLE 


Input 
S [Ww | bm 
L write “1” 


Notes: x: lIrrevelant 
*; Read Out Noninverted 


Output Mode 


1?) 





(Top View) 


# BLOCK DIAGRAM 














A, O 
A, 
A,O os s 64 x 64 
be ne _ 
3° a Memory Cell 
A,O 2 A 5 Array 
= 
A,O 
O Dout 
As C) 
Sense Amp and 0 Ss 
Write Drivers 
O WE 
Y Address 
Decoder 
O Din 


2/1 


HM100470 


@ ABSOLUTE MAXIMUM RATINGS (7, = 25°C) 






Item Symbol Rating Unit 
Supply Voltage Veg to Veco +0.5 to —7.0 Vv 
Input Voltage +0.5 to Veg Vv 


Storage Temperature —65 to +150 ie 3 
Storage Temperature T stg (Bias) * —55 to +125 °€ 


* Under Bias 


m ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Ver=-4.5V, Ry, =50Q to-2.0V, T,=0 to + 85°C, air flow exceeding 2m/sec) 


I S tc diti 
LB t P: A 


~—955 ~880 | -1025 
Output Voltage | -880 | 0 


-170S ; —1620 
VOHC —1035 
Output Threshold Voltage om ee 


Vou 

OL 

Voue |-1610 | - 
Ving 

Vin 

IH 

ie 

EE 


oo} 
= 
(=) 
& 
~ 
oe 











Vin = Vina Or Vir 


Vin = Virm or Ving 






Guaranteed Input Voltage 
High/Low for All Inputs 


~1165 






Input Voltage 





Others 










— 200 - 165 


| 
i) 
oo 
OQ 


ae 
eZee 
Input Current 





Supply Current All Inputs and Outputs Open 


@ AC CHARACTERISTICS (Vez= -4.5V+5%, Tz=0 to + 85°C, air flow exceeding 2m/sec) 
1. READ MODE 


HM100474 HM100474-1 
Item Symbol Test Condition 
















typ max. | min. | typ. | max. | 
Chip Select Access Time tacs Es 10 ee 8 
Chip Select Recovery Time p= | 10 | = | 8 
Address Access Time p= | 25 =a 15 
2. WRITE MODE. 
aetpOandii HM 100474* HM100474-1 
est Condition 
Item typ : | min. | typ max. 








Write Pulse Width 





twsa = 3 ns 








Data Setup Time 
Data Hold Time 


Address Setup Time 
Address Hold Time 





— 
(ee 














Chip Select Setup Time 





“Chip Select Hold Time 
Write Disable Time 














| 
| 
Pleated rl! w 


Write Recovery Time 


| bt 
Nl mM] me] wl NHN] HN] HTH 


a 
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Unit 


ns 
ns 


ns 


Unit 


ns 





HM100470 


3. RISE/FALL TIME 






[ena [ence Tn Ton To 
ieaaes ae a ees 


en [cee a Po a 
eee ee eee 











Output Rise Time 
Output Fall Time 






ns 





4. CAPACITANCE 






Input Capacitance 







Output Capacitance 






= TEST CIRCUIT AND WAVEFORMS 
1, LOADING CONDITION 2. INPUT PULSE 


Test Circuit 
0 Voc (GND) 





"e () 
am VEE -2.0V 
R,=502 
C,=30pF (includes 


probe and jig tp=t¢=2.5ns 
capacitance) 


3. READ MODE 


Address 50% 





TAA 


Dout 50% 





273 


HM10470 


4. WRITE MODE 


ras 50% » 50% 


Address 


Din 


WE 


Dout 





{Ws 
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HM100474,HM100474F 


1024-word x 4-bit Fully Decoded Random Access Memory 


The HM100474 is ECL 100k compatible, 1024-words x 4-bit, read/write, random 
access memory developed for high speed systems such as scratch pads and control/ 
buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide isolation method 
with double metalization. 

The HM100474 is encapsulated in cerdip-24pin and flat-24pin package, compati- 


ble with Fairchild’s F100474. 
HM100474/-1 


=» FEATURES 

@ 1024-word x 4-bit organization 

@ Fully compatible with 100k ECL level 

@ Address access time: HM 100474 25 ns (max) 






HM 100474-1 15 ns (max) 
@ Write pulse width: HM 100474 25 ns (min) 
HM 100474-1 15 ns (min) 


@ Low power dissipation: 0.2 mW/bit 
Output obtainable by wired-OR (open emitter) 


= TRUTH TABLE 

















3 mnpat ; Output Mode 
CS WE Din 
H x xX L Not Selected 
OO $ L L Write “0” 
i: Lo H Write “1” 
a 
Notes: xX; lrrelevant 
*, Read Out Noninverted 
(FG-24) 
= BLOCK DIAGRAM # PIN ARRANGEMENT 
A, A, Ag AY HM100474F/-1 HM100474/-1 
. 9 A, A, A, Veg A, NC 
aes 2 @ ae _ we( 174 23 22 «21+ «20 


Memory Cell Array | 
1024Words x 4 Bits | 


2 
> 
= 
a 
— 
Lal 
cy 
a>) 
° 
oO 
a 
a 
Pa 









10 it 12 





Hae le DO, DO,Ycc”’ccaDO, DO, 


7 RIW | 
' Circuit : (Top View) 





{Top View) 
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HM100474, HM100474F 


w ABSOLUTE MAXIMUM RATINGS (7,=25°C) 


Supply Voltage +0.5 to —7.0 Vv 
Input Voltage Vin +0.5 to Ver Vv : 
Output Current ~30 mA 
Storage Temperature ~65 to +150 ss 
Storage Temperature =¢ 


* Under Bias 


mw ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vex=-4.5V, Rp =50Q to-2.0V,7,=0 to + 85°C, air flow exceeding 2n)/sec) 


eer pentane, HM100470 
tem ymbo est Condition ! 


mV 








ie) 

| 
© 
wv 
n 

| 
\O 
vA 
wn 





Output Voltage 





Vin = Vina or Virg 



















| | mv 
Output Threshold Voltage Vin = Vie or Ving ss 
Guaranteed Input Voltage |-1165 | — | ~880 | -1165 mV 
Input Voltage 
High/Low for All Inputs }-1810 | | -1475 | —1810 mV 
lip Vin = Ving uA 
Supply Current All Inputs and Outputs Open; ~ 200 | -16s | | mA 


@ AC CHARACTERISTICS (Vpp=-4.5V+5%, T,=0 to + 85°C, air flow exceeding 2m/sec) 
1. READ MODE 





HM100470-1 








Item Test Condition 















Chip Select Access Time 












Chip Select Recovery Time 








Address Access Time 





2. WRITE MODE 










































































Item Symbol Test Condition Unit 

“Write Pulse Width = tw | twee = ans 7 ae 
Data Setup Time buen OO - ns 
“Data Hold Time tuner: 7 ns 
“Address Setup Time — | twsa |tw=15ms *%, = 25 0s __ ns 
| Address Hold Time bara : 7 ns 
Chip Select Setup Time | twscg- OO —— ns 
‘Chip Select Hold Time twucs —_ — ns 
Write Disable Time tes On ; ns 
Write Recovery Time | tw — ns 
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HM100474, HM100474F 


3. RISE/FALL TIME 













Item Test Condition 





Output Rise Time 





| Output Fall Time 


4. CAPACITANCE 









Item Test Condition 








Input Capacitance 


Output Capacitance 





s TEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 
oO Vcc (GND) 


“1.7V 





0.01 pr 





O } 
ne Vek -2..0NV 


Rp =S02 

C,=30pt (includes 
probe and fig 
capacitance) 


p= p= 2.Sns 


3. READ MODE 


Address | 


Dout 
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HM100474, HM100474F_ ———-__—+__-s-_ 


4. WRITE MODE 


ras 50% 50% 
Address | sm) 
al 
‘WE 
7 





tWs 
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HM2504, HM2504-1 


256-word <x 1-bit Fully Decoded Random Access Memory 


The HM2504 Series item is a TTL compatible, 256-word x 1-bit, 
read/write random access memory developed for application to 
buffer memories, control memories, high-speed main memories, etc. 
This is a fully decoded, read/write random access memory perfectly 
compatible with the standard DTL and TTL logic family, designed as 
an open collector output type for simplicity of expansion. 


@ Level ........... a ee .... TTL compatible 

@ Construction .............0. . 256-word x 1 bit 

@ Read access time.............. HM2504: 55ns (max) 
HM2504-1: 45ns (max.) 

@ Chip select access time ......... 30ns (max.) 

@ Power consumption .......... . 1.8mW/bit (typ) 

© OUtTPUE. -x: a5 cs6 cine Sg 4 Sere oe 4 Open collector 


MTRUTH TABLE 


Inputs Output 








ries Open Mode 


all Write “1” 


16 H 


Notes) X :! Don’t care 
* : Read out inverted 


- 


on 


MBLOCK DIAGRAM 










16X 16 


Memury 






ved Drivers 





xX Address 





© Dour 






W. 


| 


ie) 
wy 


OQ 
nn 
iS 





Sense Amp 
and 
Write Drivers 


Y Address 
Decoder 


Aa As Ap re 


oO 
% 








d 


= 
mM 





O 
Oo 


in 


M ABSOLUTE MAXIMUM RATINGS 


—0.5 to +7.0 
—0.5 to +5.5 
—12 to +5.0 
—0.5 to +5.5 


rf 


Supply Voltage 
Input Voltage n 
Input Current Lin 
Output Voltage (Output High) Vout 


Output Voltage (DC Output Low) ier +20 
—65 to +150 


—55 to +125 


Storage Temperature T sts 
T stg (Bias) " 


Storage Temperature 


* Under Bias 


item HM2504, HM2504-1 Unit 
Vec 





MPIN ARRANGEMENT 





(Top View) 
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HM2504, HM2504-1 


M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vec=5.0V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 


HM2504 Series 
t 


Item Symbol Test Condition Unit 


: 


Pp 


Output Voltage Vec=4.75V, Ior=16mA 


OL 


IH Guaranteed Input Voltage High 


Input Voltage 
Vin Guaranteed Input Voltage Low Po — { 15 | 0.85 | 


Tix Vec=5.25V, Vin=4.5V HA 


eae oe 
Output Leakage Current Icex Veco=5.25V, Vow=4.5V | -— | 0 | 50 | LA 
7eon8 IBV, Too = IOmA —eret : 


Vec=5.25V 0< Ta< 25°C an 
a 
@®AC CHARACTERISTICS 


All input GND Ta 225°C 
(Vec=5.0V +5%, Ta=0 to +75°C, air flow exceeding 2m/s, see test circuit and waveforms) 
1. READ MODE 


[ten contin | es ica 
Item Symbo] Test Condition max | Unit 
max typ 
30 


min | typ | max | min | typ | max 
Chip Select Access Time tacs ) — | a2 | 3 | — | w | 30) ns 
Chip Select Recovery Time tres | — | 18 | 25 | — 18 ns 
p-t seis] -{o [6 |» 


Input Current 
Ite Vec=5.25V, Vin=0 





Input Clamp Voltage V; 


Supply Current Icc 


Address Access Time taa 


2. WRITE MODE 


F cee 7 re HM2504 HM2504-1 : 
tem | ymbo est Condition nit 
typ ce typ 


ns 


ns 
ns 
Address Setup Time iwsa tw=30ns ns 


Address Hold Time twHa ns 


Chip Select Setup Time iwscs ns 
Chip Select Hold Time ns 


— 
aon 


ns 


Write Disable Time 
twer 


Write Recovery Time 


— 


ns 


p> 
al 


3. CAPACITANCE 














ymbo es ondition 
| typ [max | 
new 
Ps fe 






Input Capacitance 


oes 





Output Capacitance 
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HM2504, HM2504-1 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. 


INPUT PULSE 


3002 





10ns 10ns 
ati Ci 
30pF 
Note:Cz includes jig and stray capacitance 
3. READ MODE 
Ao~ As 
Address 
Dout 
taa 





(All time measurements refer to 1.5V) 


4, WRITE MODE 


Ae ~Ar 


= | YX 
oe escenoan erie 
"| | kX xX | 
aE a 


Din 


WE 
twsn twa 


fwsa 


twscs 
Dout 


tws twr 


(AH time measurements refer to 1.5V) 
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HM2504, HM2504-1 


INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS 
. 30 









25 
a < 
< £ 20 
3 : 15 
3 3 
3 = 10 
= oS 
5 
0 0.1 0.2 0.3 0.4 0.5 0.6 
Input Voltage Via (V) Output Voltage Vou (V) 
SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
70 
60 ae 
: = wi| | 
ee 
P ; re 
5 » 40 i 
a ae 
= a 30 i 
20 
10 Ze 
—- 20 0) 20 40 60 80 100 
Ambient Temperature Ta (°C) Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
3 
8 





Supply Voltage Vcc (V) 
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HM2510, HM2510-1, 
HM2510-2 


1024-word x 1-bit Fully Decoded Random Access Memory 
The HM2510 Series item is a 1024-word x 1-bit read/write random 
access memory developed for application to buffer memories, 
control memories, high-speed main memories, etc. It is a fully 
decoded, read write, random access memory perfectly compatible 
with standard DTL and TTL logic families, designed as an open 
collector output type for simplicity of expansion. 


© UCVEl cies in Bee eee ee TTL compatible 
@ Construction .......... 0.004. 1024-word x 1 bit 
@ Read access time ............. HM2510: 7Ons (max.) 


HM2510-1: 45ns (max) 
HM25 10-2: 35ns (max.) 
@ Chip select access time ......... HM2510: 40ns (max.) 
HM2510-1: 30ns (max.) 
HM2510-2: 25ns (max.) 





Dout * Read 








{DG-16A) 


@ Power consumption ........... 0.5mW/bit WPIN ARRANGEMENT 
@ OUUDUT 4 c444 etal Aha wo beaks Open collector 
cS 
Ns 
A, 
MTRUTH TABLE : 
Inputs 
. == Output Mode Ay 
L ee a 


Notes) “ : Don't care 
* > Read out non-inverted 


MBLOCK DIAGRAM 


” 
a 
2 
a 
[a] 
Rs 
= 


o Wout 





Sense Amp 








ane 
Write Drivers 





Y Address 


Decoder 





© Din 


As As AG Na Ao 


(Top View) 
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HM 2510, HM2510-1,, HM 2510-2 


MABSOLUTE MAXIMUM RATINGS 


Item Symbol HM2510 Series Unit © 


Supply Voltage —0.5 to +7.0 V 
—0.5 to +5.5 Vv 


Vee 
Input Voltage Vin 
“Engi Current Tin mA 
 Oaenit Voltage (Output High) Vow Vv 
Output Voltage (DC Output Low) Tout mA 


Storage Temperature Tate —65 to +150 °C 


Storage Temperature Tse( Bias )* —55 to +125 C 


* Under Bias 





MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vcec=5.0V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 





HM2510 Series 

= | en Pee 
“Output Voltage Vor | Veo=4.75V, Io. 16mA | — [| 03 | 0.45 V 
Input Current Veo=3.25 V5 Vino, 20¥ ae ek es ee mA 
win Pveereanvs varoav =f ae | ae 


@AC CHARACTERISTICS (Vec=5.0V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 


1. READ MODE 

Chip Select Access Time | — | 15 | 40 | — | | 30 | — | 15 25 ns 
Chip Selec Resevry Tine as Po = = Pe = 
hier heme Tine Sc 


2. WRITE MODE 


Item Symbol Test Condition 


Write Pulse Width twsa=min 


Data Setup Time twsp 

Data Hold Time twa 4 
Address Setup Time 
Address Hold Time 


Chip Select Setup Time iwscs 
Chip Select Hold Time iwHcs 
Write Disable Time 


Write Recovery Time 


a 
= 
i) 
pad 
o 
ao 
<= 
to 
So 
an 
remy 
= 
nt 
= 
a 
iN) 


t 


nd 
ao) 
3 
pe) 
Pad 
Oo 
— 
i=) 
B&B 
B 
— 
S 
3 
“n 


— or 
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HM2510, HM2510-1, HM2510-2 


i 
P= [os 
et 


3. CAPACITANCE 















Item 





Input Capacitance 








Output Capacitance 





MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT. PULSE 


Vec 





10ns 10ns 


HM2510 





3. READ MODE 


Ao As 
Address 


Dout 





(All time measurements refer to 1.5V) 


4. WRITE MODE 


cS 
= 
ADDRESS 

Peel (ers EES 


{WHA 
twsa tWHCS 
twscs 
Dout 
ae , 


(All time measurements refer to 1.5V) 


t 
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HM2510, HM2510-1, HM2510-2 


INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS 


Ta= 5 Hy H 
ca Hf 
— 30 oy 








2 i 
3 3 
a & 
Ver =5.00V 
0 0.1 0,2 0.3 0.4 0.5 0.6 
Input Voltage Vin (V) Output Voltage Vow (V) 
SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
< = 
& w 
& 5 
a be 
E 2 
35 o 
= = 
E 3 
Veo =5.25V 
All Input GND 
F Ambient Temperature Ta (°C) 
— 20 0 20 40 60 80 100 
Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
120 
100) 
ae 
5 60 
8 
fay 
a 40 
A 





Supply Voltage Vcc (V) 
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HM2511,HM2511-1 


1024-word x 1-bit Fully Decoded Random Access Memory 
The HM2511 Series item is a 1024-word x 1-bit read/write random 
access memory with three-state output developed for application to 
buffer memories, control memories, high-speed main memories, etc. 
It is a fully decoded, read/write, random access memory perfectly 
compatible with standard DTL and TTL logic families. 


@ Level: ccc ctwcaueis weeeeess FTL compatible 
@ Construction ...........0000- 1024-word x 1 bit 
@ Read access time ............. HM2511: 7Ons (max) 
HM2511-1: 45ns (max) 
@ Chip select access time ......... HM2511: 40ns (max) 
HM2511-1: 30ns (max) 
@ Power consumption ........... 0.5mW/bit 
@ Output ...... cc ee ee eee three-state ee 


M@PIN ARRANGEMENT 


MTRUTH TABLE 


= 


Notes) = : Don’t care 
%* : Read out noninverted 


MBLOCK DIAGRAM 


(Top View) 


Memory Cell 


urd Drivers 


© 
a. 
o 
& 
# 


9 9 SS ee 
32 X 32 ) ) - OPout 
> 


7 
we 
Y 
a 

3 

ares 

A 





Ww 





(}-— 


Ay As Ap Ax Ag 


MABSOLUTE MAXIMUM RATINGS 
Item Symbol HM2511 Series Unit 


Supply Voltage Vec —0.5 to +7.0 V 
—0.5 to +5.5 V 
—12 to +5.0 mA 
—0.5 to +5.5 Vv 


Input Voltage ; 


Input Current : 


Output Voltage (Output High) Vout 


Output Voltage (DC Output Low) om +20 mA 
—65 to +150 °C 


Storage Temperature Tig 


° 


Storage Temperature Tst¢ (Bias )* —55 to +125 


* Under Bias 
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HM2511; HM2511-1 


MELECTRICAL CHARACTERISTICS 
@®DC CHARACTERISTICS (Vcec=5.0V +5%, Ta=0 to +75°C, air flow een 2m/sec) 


| —sHM2511 Series | Series 
Item Symbol Test Condition Unit 





Output Low Voltage Von Vec=4.75V, Ior=16mA le eae Vv 
Guaranteed Input Voltage High Vv 
ar = Eee 
Torri Vec=5.25V, Vour™ 2.4V KA 
Saceesventnoe: <a ae a 
Output Current Short Circuit to Ground | tos | Vec=5.25V, | = | = | 100 | mA 
Output High Voltage | Vor | on —10.3mA, Veo=5.0V 45% | 24 | — | — | v 
[iput. Clams: Voleaxe Mi | Veo=5.25V, Tin —10mA | — | -1.0 | -15 | Vv 
upply Current Icc — 
@AC CHARACTERISTICS (Vec=5.0V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 
Item Test Condition ; — Unit 
Chip Select Access Time ns 
Chip Select to High Z tzrcs ns 
Address Access Time baa ns 
2. WRITE MODE 
Write Pulse Width Ste ns 
Data Setup Time ns 
Data Hold Time ee ns 
Address Setup Time ns 
Address Hold Time ne 
Chip Select Setup Time ns 
Chip Select Hold Time ns 
Write Disable to High Z | tews | ns 
Write Recovery Time | tw | ns 





3. CAPACITANCE 









HM2511 Series 


ee a 
p= ft ef 






Item Unit 







Input Capacitance 


Output Capacitance Cour 
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HM2511, HM2511-1 


BTEST CIRCUIT AND WAVEFORMS 





Dout 


1. LOADING CONDITION 


HM2511 


Load A 


3. READ MODE 


4. WRITE MODE 


Dout 
Ch F HM251} Cr 
0} 2 
30p ing) SOPF 


Load B 





5. WRITE ENABLE TO HIGH Z DELAY 





6. PROPAGATION DELAY FROM 
CHIP SELECT TO HIGH Z 


Load C 


2. INPUT PULSE 


10ns 


{All time measurements refer to 1.5V) 






ae ee es ee 





}0ns 


AoA X 
Address 






{W'S A tWHA 
twscs tWHCS 
High 2 SCO 
Load A * 
tWR 
Load B 
High Z 
(All time measurements refer to 1.5V) 
WE 
1.5V 
tzw s 
; / HighZ 
Dout “O° Level }0.5V 
"1" Level \ 
0.5V 
2 
Dout a __ High 7 
CS 1.5V (All tzxxx parameters are measured 
ee at a deita of 0.5V from the logic level 
aah 2 and using Load C) 
Dout "0" Level ; ¥0.5V 
"1" Level 7 
}0.5V 
Dout my High Z 
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BIPOLAR 
PROM 





MPROGRAMMING INFORMATION 

Hitachi's sophisticated Fine Emitter technology and programming 
pulse method enables higher programmability and faster program- 
ming time ordinary PROMs, for the highest reliability. 

Fast programming time of typically 7.5us/bit is achieved with a fine 
emitter cell which requires less programming energy; thus, negligible 
thermal stress. Further, Hitachi advanced technology allows very 
high programmability. 

To assure that the element is programmed properly an additional 
four programming pulses are applied immediately after a sense pulse 
indicates conduction in the programmed (one programming pulse: 
Series) bit. This high reliability feature virtually eliminates aluminum 
migration in the programmed cell. 

One extra row and one extra column of test cells, plus additional 
circuitry built into the PROM chip, allow improved factory testing 
of DC, AC and programming characteristics. These test cells and test 
circuitry provide enhanced correlation between programmed and 
unprogrammed circuits in order to guarantee high programmability 
and eliability. 


PROGRAMMED CELL (CROSS SECTION) 


Aluminum 


Vd rea 
> a N* Buried Layer 


P Subst rate 


P( Base) 
N(Emitter) 
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X-addresses 


Y-addresses 


Chip Enables ~ 





The device is manufactured. with outputs low (positive logic ‘‘zero’’) 
in all storage cells. To make an output high at a particular cell, a 
junction must be changed from a blocking state to a conducting 
state. This procedure is called programming. 

A logic “one” can be permanently programmed into a selected bit 
location. The desired bit for programming is selected using ten 
address inputs to turn on transistors Q1 and Q2. By taking either (or 
both) chip enable inputs high, the chip is disabled and transistor Q3 
is held off. Then, a train of programming pulses applied to the 
desired output flows through the junction into transistor Q1. This 
programming current changes the junction to the conducting state. 
The pulse train is stopped as soon as the sensed voltage indicates that 
the selected bit is in the logic in state. 

An additional 4 programming pulses (1 programming pulse: S-series) 
are required to ensure that the bit is fully programmed, and to 
achieve high reliability. One output must be programmed ata time, 
since the internal decording circuit is capable of sinking only one 
unit of programming current at time. 


INTERNAL PROGRAMMING CIRCUIT 


Y-addresses 


Memory Cell 


© 
Output 








WM HITACHI PROMS AND PROGRAMMING CURRENT 


A HN25044 (50ns max) 
HN25045 (50ns max) 
HN25084 (60ns max) 
2kx4 
Ps HN25085 (60ns max) 
HN25088 (60ns max) 
1kx8 
HN25089 (60ns max) 
Ss SO 
16k 2kx8 
a ae ee eee 


130mA (typ) 


1kx4 


Programming Current 


Note) O.C.: Open Collector Output 
3S : Three State Output 


Hitachi’s PROM has two families in accordance with the program 
specifications. They are usually discriminated by the suffix of the 
model name. For the S-series PROM, the production technique 
established for the N-series PROM is further improved to attain very 
small memory cell area and chip area as well as high performance. 


S- Series 


HN25084S 
HN25085S 
HN25088S 
HN25089S 
HN25168S 
HN25169S 


(50ns max) 
(50ns max) 
(50ns max) 
(50ns max) 
(60ns max) 


(60ns max) 


90mA (typ) 
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HN25084, HN25085 


2048-word x 4-bit Programmable Read Only Memories 
The HITACHI HN25084 and HN25085 are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 2048 word by 4 bit with on-chip address 
decoding and one chip enable input. The HN25084 and HN25085 
are fabricated with logic level ‘zeros’ (low); logic level “‘ones’’ 
(high) can be electrically programmed ‘in the selected bit locations. 
The same address inputs are used for both programming and reading. 


@ FEATURES 





@ 2048 word x 4 bit organization (fully decoded) 

@ DTL/TTL compatible inputs and outputs 

@ Fast read access time: 40 ns typ. (60 ns max) (DG-18) 

@ Medium power consumption: 550 mW typ. 

@ One chip enable input for memory expansion m@ PIN ARRANGEMENT 
e 


Open collector outputs (HN25084)/Three-state outputs 
(HN25085) 

@ Standard cerdip 18-pin dual in-line package 

HM OPERATION 

@ Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the eleven address inputs in TTL level. The device is 
disabled by bringing CE to a logic “one”. Then a train of high 
current programming. pulses is applied to the desired output. After 
the sensed voltage indicates that the selected bit is in the logic ‘“‘one”’ 
state, an additional pulse train is applied, then is stopped. 

@ Reading 

To read the memory the device is enabled by bringing CE to a logic (Top View) 
“zero’’. The outputs then correspond to the data programmed in the 

selected word. 





MLOGIC DIAGRAM 


AiO 
ae 8192 Bit 
AsO Address bedze (128 x64) 
Buffer Decode 
AiO Memory Cell Array 
AsO 
AwO 
AsO 
A7O Address 
Buffer 
AsO 





<= 6 Chip 
CE Enable 
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HN25084, HN25085 


M@ ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Vee V 
Input Voltage Vin V 
Output Voltage V 
Output Current ae Ss mA 
Operating Temperature °C 
Storage Temperature °C 


MDC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C) 


Characteristic Test Conditions typ 
Input High Voltage 
Input Low Voltage Vin 
Input High Current Tia V;=2.7V 


Input Low Current Ti V;=0.4V 


Output Low Voltage Vou lor. =16mA 
Vo=5.25V 


Output Leakage Current © Tork. 
Output Leakage Current Tox? Vo=0.4V 
I;=—18mA 


a 
— 
=. 


_ 
aon 


Input Clamp Voltage V; 
Power Supply Current Icc Inputs Either Open or at Ground 50 
Io=—2mA 


Vo=0V 


Output High Voltage * Vou 


Output Short Circuit Current*} —Jos5 


— 
G 
So 
| 
_ —_ 
NS 


* Note: Applicable to HN25089 only. 


MAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C) 


Characteristic Test Conditions 
Address Access Time 
Chip Enable Access Time 
Chip Enable Disable Time 


Note) 1. Output Load: See Test Circuit . 
2. Measurement Reference: 1.5V for both inputs and outputs. 


typ 


M SWITCHING WAVEFORMS 





Chip Enable 
Address Input 
Input 
Out 
Output ie 
or or 
caren 15V 1.5V Output 


Unit 
ns 


ns 


ns 
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MSWITCHING TIME TEST CONDITIONS 


HN25084 


ce [a 
a 


| SWITCHING 
ie PARAMETER 


R, 


Ro 


ee ees aes 


INPUT CONDITIONS 
Amplitude~0V to 3V 


Rise and Fall time—5ns from 1V to 2V 


Frequency — 1MHz 


Mi PROGRAMMING SPECIFICATION 


Characteristic 


Ambient Temperature 


Programming Pulse 


Sense Current 


Programming Vcc 
Maximum Sensed Voltage for programmed “1” 


Delay from trailing edge of programming pulse before sensing 
output voltage 


Amplitude 


Clamp Voltage 
Ramp Rate 
Pulse Width 
Duty Cycle 


Amplitude 


Clamp Voltage 
Ramp Rate 
Sense Current Interruption before and after address change 


Programming Pulse Number 


Additional Programming Pulse Number 


MTYPICAL WAVEFORMS 
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Vec 


Ao Vin 


| a 
As Viz. 


CE 
Vit, - lOgs 


75us 


Programming Pulse -... x cae 


Sense Pulse 


7.5V REF. 


— ee ee ee 


Sense Strobe 


0.745 


0.745 


es 


HN25085 


a 
sien 


| | 6002 


130+5% 
20+2% 


70max 


7.5+5% 
70% min 





2040.5 
20+2% 


70max 
10min 


5.0+5% —0% 


7.50.1. 


Additional Pulse Train 





Unit 
—G 


mA 
V 


V/s 


BS 


mA 


V/s 


V 


“US 


Time 





Ques 


HN25084, HN25085 


Notes 


10V point/1500 load 


HN25084S, HN25085S —— Preliminary 


2048-wordx4-bit Programmable Read Only Memories 


The HITACHI HN250845S and HN250855S are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 2048 words by 4 bits with on-chip address 
decoding and one chip enable input. The HN25084S and HN25085S 
are fabricated with logic level “zeros” (low); logic level ‘ones’ 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both Programming and reading. 
M FEATURES 

@ 2048 words x 4 bits organization (fully decoded) 

DTL/TTL compatible inputs and outputs 

Fast read access time: 25 ns typ. (50 ns max) 

Medium power consumption: 550 mW typ. 

One chip enable input for memory expansion 

Open collector outputs (HN25084S)/Three-state outputs 
(HN25085S}) 

® Standard cerdip 18-pin dual in-line package 

M@ OPERATION 

@ Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the eleven address inputs in TTL level. The device is 
disabled by bringing CE to a logic “one”. Then a train of high 
current programming pulses is applied to the desired output. After 
the sensed voltage indicates that the selected bit is in the logic ‘‘one”’ 
state, an additional pulse train is applied, then is stopped. 

® Reading 

To read the memory the device is enabled by bringing CE to a logic 
“zero’’. The outputs then correspond to the data programmed in the 
selected word. 


MLOGIC DIAGRAM 






















AoO 

AiO 

i ® 8192 Bit 

430 Address 1. 128 (128x 64) 

Buffer Decode 

MO Memory Cell Array 

AsO 

A1aO 

Abo 

ArO Address 1: 16 1:16 1:16 
Buffer Multiplexer | } Multiplexer Multiplexer 










Output 


Output 
Buffer 
ea : 
A 
01 





Buffer 


Output 
Buffer 
ae Chip - 
0 
03 





(Top View) 


Output ape : ‘ . 
Note) The specifications of this device are 


subject to change without notice. 
Please contact your nearest Hitachi’s 
Sales Dept. regarding specifications. 
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HN25084S, HN25085S 


HM ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 
Triput: Voltage V V 
Output Voltage Vout V 
Output Current Tout p BO mA 
Operating Temperature Tope “C 
Storage Temperature Tats °C 


MDC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C) 


Vin 
Vin 
Input High Current Tt 
Output Low Voltage Vou 

V, 

Icec 

Von 


Supply Voltage 


cc 


-. 
a 


o 
oS 


Bi aet| et ee ee 


y 


Input Low Voltage 


100 


Output Leakage Current Toki Vo=5.25V 
Output Leakage Current Touk2 Vo=0.4V 


! 
Output High Voltage* 
Output Short Circuit Current* —Tos 


* Note: Applicable to HN25089 only. 


Input Clamp Voltage 


Power Supply Current 0 


MAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C) 


Characteristic Symbol Test Conditions 


Address Access Time 


ct 


yp 


foe 
— 


Chip Enable Disable Time toce 


Note) 1. Output Load: See Test Circuit. 
2. Measurement Reference: 1.5V for both inputs and outputs. 


@ SWITCHING WAVEFORMS 


Chip: Enable 
Input 


Address 
Input 


toce’1” 


Vo 


Output 
or 
Output 





15V 1.5V 


Vo Vo +0.5V 
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Unit 


MA 


Unit 
ns 


ns 


ns 





HN25084S, HN25085S 


MSWITCHING TIME TEST CONDITIONS 


Pete [ape 












SWITCHING 
PARAMETER 





Ci 


Vec 








: ies Be en 
Cr Ra 


INPUT CONDITIONS 
Amplitude —0V to 3V 
Rise and Fall time—5ns from 1V to 2V 
Frequency — IMHz 






30pF 





MPROGRAMING SPECIFICATION 


PARAMETER Symbol Unit Note 


Ambient Temperature 


Programming Vcc Vec 4.75 8.0 | 


Programming Pulse 


le 
o 





Amplitude Iw 88 92 mA 
Clamp Voltage Vw 19.0 20.0 V 
Ramp Rate 10 70 V/ ps 
Pulse Width t pw 7.1 7.9 US 9V point/2000 load 
Duty Cycle 70 oe % 
Sense Current 
Amplitude Is 19 20 21 mA 
Sense Voltage Vs 7.4 7.5 7.6 V 
Clamp Voltage 19.0 19.5 20.0 Vv 
Ramp Rate 70 — V/us 


Address Setup Time tsa 10 
Address Hold Time tia 

Sense Setup Time tss : 
Sense Hold Time tus : 


Additional Programming Pulse 


time 


lee 
— 
Qn © 
—_ 
An wh MH 


Programming Pulse Number per bit 





Programming Pulse 


Sense Strobe | | 


~— 90mA (20Vmax) ~ 


ie eee 





—~——— 45mA(9V) 


Programming Pulse ] 
s 


Vs 


-—-——— = 20mA (4V) 


( }) 2 200 load 
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HN25088, HN25089 


1024-word x 8-bit Programmable Read Only Memories 


The HITACHI HN25088 and HN25089 are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 1024 words by 8 bits with on-chip address 
decoding and four chip enable inputs. The HN25088 and HN25089 
are fabricated with logic level “‘zeros’’ (low); logic level ‘‘ones’’ 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both programming and reading. 


MFEATURES 

1024 words x 8 bits organization (fully decoded) 
DTL/TTL compatible inputs and outputs 

Fast read access time: 40 ns (typ), 60 ns (max) 
Medium power consumption: 600 mW typ. 

Four chip enable inputs for memory expansion @ PIN ARRANGEMENT 
Open collector outputs (HN25088)/Three-state outputs 
(HN25089) 

@ Standard cerdip 24-pin dual in-line package 





M@ OPERATION 

@ Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CET and/or CE2 to as logic “one” or CE3 
and/or CE4 to a logic “zero”. Then a train of high current 
programming pulses is applied to the desired output. After the 
sensed voltage indicates that the selected bit is in the logic one state, 
an additional pulse train is applied, then is stopped. 

@ Reading 

To read the memory the device is enabled by bringing CET and CE2 (Top View) 
to a logic “zero”. CE3 and CE4 to a logic “one’’. The outputs them 

corresponed to the data programmed in the selected word. 





MLOGIC DIAGRAM 






8192 Bit 
(64 X%] 28)! 











Memory Cell Array 






1:16 LiL6UH 2 16441. 16E E116} 2: Leb th + 16 
Multi- Multi] {Mula-} JMulti-] ¢Multi-] [Mulei-{ | Multi- 
plexer| |plexer! |plexer| {plexer} |plexer] {plexer] |plexer| | plexer 


CEO - 0 Qutput} | Output] ]Ourput! |Ourpuel [Output] ] Output 

CE:0 ene B Buffer) ) Buffer} ) Buffery }Buffer) }Buffer} | Buffer 
Enabl 

CEa iiss a fee Jie 


CE.o O O O 


O1 O2 03 Os Os 06 07 Os 
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HN25088, HN25089 


M ABSOLUTE MAXIMUM RATINGS 


Output Voltage V 
Output Current = ee mA 
Storage Temperature a © 


MDC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75°C) 


Output Leakage Current Touk2 Vo=0.4V P= fo = | to 
Input Clamp Voltage I1r=—18mA po = [| = [ -12 | 


* Note: Applicable to HN25089 only. 


MAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C) 


= 


Note) 1. Output Load: See Test Circuit. 
2. Measurement Reference: 1.5V for both inputs and outputs. 


BSWITCHING WAVEFORMS 


Chip Enable 
Input 


Out put 
or 
Output 





Output 


1.5V L5V 


Unit 


HA 


< 


KA 
BA 


mA 


< 


Unit 
ns 
ns 


ns 
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HM SWITCHING TIME TEST CONDITIONS 







SWITCHING 
Vee PARAMETER 


Ri 


INPUT CONDITIONS 
Amplitude ~—-0V to 3V 


ele pale] 
P= pt = [ein 
ee 


HN25088, HN25089 









HN25089 


Rise and Fall time—5ns from 1V to 2V 


Frequency — 1MHz 


HM PROGRAMMING SPECIFICATION 


Characteristic 
Ambient Temperature 


Programming Pulse 
Amplitude 
Clamp Voltage 
Ramp Rate 
Pulse Width 
Duty Cycle 


Sense Current 
Amplitude 
Clamp Voltage 
Ramp Rate 


Sense Current Interruption before and after address change 


Programming Vcc 


Maximum Sensed Voltage for programmed “1 


Delay from trailing edge of programming pulse before sensing 


output voltage 
Programming Pulse Number 


Additional Programming Pulse Number 


View 
Vin l0us 7. ial 
Programming Pulse -—..—-— 


Sense Pulse 
T5V REF, “Se 


Sense Strobe 
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5.0+5% —0% 


130+5% mA 

20+2% V 

70max V/us 
7.5+5% US 10V point/1500 load 

70% min 

mA 

V 

V/us 


Time 


wn 





10 
Additional Pulse Train ete 


FL ARAT 


O7us | 0.7us 


een ee ener! | eee 


HN25088S, HN25089S ~~ Preliminary 


1024-word x 8-bit Programmable Read Only Memories 
The HITACHI HN25088S and HN25089S are high speed electrically 
Programmable, fully decoded TTL Bipolar 8192 bit-read only 
memories organized as 1024 words by 8 bits with on-chip address 
decoding and four chip enable inputs. The HN25088S and 
HN25089S are fabricated with logic level ‘’zeros’’ (low); logic level 
“ones” (high) can be electrically programmed in the selected bit 
locations. The same address inputs are used for both programming 
and reading. 


Mi FEATURES 

@ 1024 words x 8 bits organization (fully decoded) 
DTL/TTL compatible inputs and outputs 

Fast read access time: 25 ns typ. (50 ns max) 
Medium power consumption: 600 mW typ. 

Four chip enable inputs for memory expansion m@PIN ARRANGEMENT 
Open collector outputs (HN25088S)/Three-state outputs 
(HN25089S) 

Standard cerdip 24-pin dual in-line package 





HM OPERATION 
@ Programming 


A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CE1 and/or CE2 to as logic “one” or CE3 
and/or CE4 to a logic “zero”. Then a train of high current 
programming pulses is applied to the desired output. After the 
sensed voltage indicates that the selected bit is in the logic one state, 
an additional pulse train is applied, then is stopped. 

@ Reading 

To read the memory the device is enabled by bringing CE7 and CE2 (Top View) 
to a logic “zero”, CE3 and CE4 to a logic ‘’one’’. The outputs then | 
corresponed to the data programmed in the selected word. 





MLOGIC DIAGRAM 





Aud 
Are bn 68 8192 Bit 
ane Decode 164X128) 
A30 Memory Cell Array 
Aso 
A30 
Aso 
Aro 
Aso 
Ago 
CE1¢e i Output) ]Ourput} | Output} {Ourput 
tF0 oh Buffer} (Buffer | { Buffer] |Buffer 
CEy0 Enns ee Oe Sa Note) The specifications of this device are 
Che ae | it. eae | } } subject to change without notice, Please 


Oe Be Oe OO OS Ge. Son. Oy contact your nearest Hitachi’s Sales 
Dept. regarding specifications. 
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HN25088S, HN25089S 


MABSOLUTE MAXIMUM RATINGS 


Input Voltage Vv 
Output Voltag V 
Output Current oe aa S mA 
Operating Temperature °C 


gee 
Storage Temperature —65 to +150 *C 


MDC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75°C) 


Output Leakage Current | for [Voroav | | UH | 


* Note: Applicable to HN25089S only. 


Bl a/bi </> /5/</5/5)<| < 


MAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C) 


Note) 1. Output Load: See Test Circuit. 
2. Measurement Reference: 1.5V for both inputs and outputs. 


MSWITCHING WAVEFORMS 





Address Chip Enable 
Input Input 
toce’1” 
Vo 
Output mee 
Oacoat Output toce “0” 


L5V 15V 





Vo Vo +0.5V 
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HN25088S, HN25089S 


MSWITCHING TIME TEST CONDITIONS 


HN25088S HN25089S 
| Re | Cr | Rk: | Re | 
3000 | 6000 300a | 6000 













SWITCHING 
Voc PARAMETER 





Pp |= [oa 
/ r pice 300 6002 | 10pF 





| =| — | @ | 6000 

3000 | 6000 3000 | 6000 
INPUT CONDITIONS 
Amplitude—0V to 3V 


Rise and Fall time—5ns from 1V to 2V 
Frequency — 1MHz 


MPROGRAMING SPECIFICATION 


PARAMETER Symbol Unit Note 


typ 


Ambient Temperature Ta 


Ee 
an 


Programming Vcc Vcc 4.75 


Programming Pulse 





Amplitude Iw 88 92 mA 
Clamp Voltage Vw 19.0 20.0 V 
Ramp Rate 10 70 V/s 
Pulse Width t pw 7.1 7.9 BLS 9V point /200N load 
Duty Cycle 70 _ % 
Sense Current 
Amplitude Is 19 20 21 mA 
Sense Voltage Vs 7.4 7.5 7.6 V 
Clamp Voltage 19.0 19.5 20.0 Vv 
Ramp Rate 70 — _ V/s 


Address Setup Time tsa 10 
Address Hold Time tua 10 
Sense Setup Time tss : 
Sense Hold Time tus j 


Additional Programming Pulse 


Programming Pulse Number per bit 





tHA 
Programming Pulse SL pe’ 
tss HS 


Sense Strobe | | 


LW a i i se ——=— 90mA(20V max) 





——-—-- 45mA(9V) 
Programming Pulse is Acaames Senko open 
Vs ———-7- 
esate cee cet es es ete aay cee Se ee ee ete ee te Q 
( ) 20028 4 
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HN25168S, HN25169S Preliminary 


2048-word x 8-bit Programmable Read Only Memories 
The HITACH! HN25168S and HN25169$S are high speed electrically 
Programmable, fully decoded TTL Bipolar 16384 bit read only 
memories organized as 2048 words by 8 bits with on-chip address 
decoding and three chip enable inputs. The HN25168S and 
HN25166S are fabricated with logic level “zeros” (low); logic level 
“ones” (high) can be electrically programmed in the selected bit 
locations. The same address inputs are used for both programming 
and reading. | 


M@FEATURES 

@ 2048 words x 8 bits organization (fully decoded) 
DTL/TTL compatible inputs and outputs 

Fast read access time: 40 ns typ. (60 ns max) 

Medium power consumption: 600 mW typ. 

Three chip enable inputs for memory expansion. 

Open collector outputs (HN25168S)/Three-state outputs 
(HN25 169S) 

Standard cerdip 24-pin dual in-line package 





(DG-24) 


PIN ARRANGEMENT 


HM OPERATION 
@ Programming 


A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired world 
is selected by the eleven address inputs in TTL level. The device is 
disabled by bringing CE1 to as logic “one” or CE2 and/or CE3 to a 
logic ‘zero’. Then a train of high current programming pulses is 
applied to the desired output. After the sensed voltage indicates that 
the selected bit is in the logic one state, an additional pulse is 
applied, then is stopped. 

@ Reading 

To read the memory the device is enabled by bringing CE1 to a logic (Top View) 
“zero”, CE2 and CE3 to a logic “one”. The outputs then 

corresponed to the data programmed in the selected word. 





HLOGIC DIAGRAM 


16384 Bit 
A20 (128x128) 


Memory Cell Array 


Address 


A900 Buffer 


Chip 
Enable 





QO; 02 03 04 Os 06 07 Os 
Note) The specifications of this device are subject to change without notice. 


Please contact your nearest Hitachi’s Sales Dept. regarding specifica- 
tions, 
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HN25168S, HN25169S 


M ABSOLUTE MAXIMUM RATINGS 


Output Voltage V 
Output Current a ae mA 
Operating Temperature °C 
Storage Temperature "C 


MDC CHARACTERISTICS (Vec=4.75 to 5.25V, Ta=0 to +75C) 


Input High Voltage 


typ 


Input Low Voltage 


< 
= 


Output Leakage Current Touk1 
Output Leakage Current Tork? 


S 
e(<f/El</F/S1</F/F/<]< 


Input Clamp Voltage 


_ 
bo 


0 


Inpets Either Open or at Ground 


Power Supply Current é 





< 


wy 
io) 


Output High Voltage* 0 


* Note: Applicable to HN25169S only. 


=x 


boot 
on 
| 
—_ —_ 
~) - 
oS rn 


‘BAC CHARACTERISTICS (Vec=4.75 to 5.25V, Ta=0 to 75°C) 


Address Access Time taa 


Ca 


2, 


a=] 


Chip Enable Access Time BACE 
Chip Enable Disable Time t pce 


Note) 1. Output Load: See Test Circuit. 
2. Measurement Reference: 1.5V for both inputs and outputs. 


MSWITCHING WAVEFORMS 


Address Chip Enable 
Input Input 
toce | 
Vo 
Output a 
or Output tpce 0" 


Output 





1.5V L5V 


Vo Vo +0.5V 


Unit 


Unit 


ns 


ns 
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HN25168S, HN25169S 


HM SWITCHING TIME TEST CONDITIONS 


SWITCHING HN25168S HN25169S 
PARAMETER 


Paiea| na | onF | 00 | ona 


PC =P =| =] =| eon 
sina eon [oor | sion | ton 
PP ff = [oo 


INPUT CONDITIONS 
Amplitude—OV to 3V 
Rise and Fall time—5ns from 1V to 2V 
Frequency — 1MHz 





Mi PROGRAMING SPECIFICATION 


PARAMETER Symbol t Unit Note 


wet 


slefe 


Ambient Temperature 


le 


Programming Vec Vec 4.75 


Programming Pulse 





Amplitude Iw 88 92 mA 
Clamp Voltage Vw 19.0 20.0 V 
Ramp Rate 10 70 V/us 
Pulse Width t pw 7.1 7.9 LS 9V point /200N load 
Duty Cycle 70 = % 

Sense Current 
Amplitude Is 19 20 21 mA 
Sense Voltage Vs 7.4 7.5 7.6 Vv 
Clamp Voltage. 19.0 19.5 20.0 V 
Ramp Rate 70 V/s 

Address Setup Time tsa 

Address Hold Time tHa 

Sense Setup Time iss 

Sense Hold Time tu 


Additional Programming Pulse time 


Programming Pulse Number per bit 10000 


— 
So 


:]-fee 

|e et 

“a 4) © 
nnn wm” 





Programming Pulse 


iss tus 


Sense Strobe | | 


dps 28 ———90mA(20V max) 








—— ——45mA(9V) 


Programming Pulse ———-— 20mA(4A) 


( ) 2 2002 toad 
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MEMORY 
SUPPORT 
CIRCUITS 











HD2912 


Quadruple TTL-to-MOS Clock Drivers 

The HD2912, a clock driver for the MOS memory, has basically the 
NAND function. Its input is a TTL level and its output becomes and 
N MOS clock input level. It operates on two power supplies — Vcc 
(5V) and Vpp (12V). It anticipates taking as its load a maximum of 
ten units of 4K-bit N MOS memories and can drive a load capacity 
of 400 pF at high speed. 


TTL-MOQS level converter circuit 
Switching time: 50 ns (max.) 

Load capacity drivable: 600pF 
Mounted with 4 circuits 
Applicable temperature: 0 to 70°C 


M ABSOLUTE MAXIMUM RATINGS 


Item HD2912 Unit 

Supply Vol a eo 
upply Voitage 

Voo* 18.0 V 


Input Voltage 


bE 
lal a 
* * 
* 
~] 
° 
< 


Load Capacitance 


Pr*** 


co 
S 
oS 
3 

= 


Power Dissipation 


Operating Temperature 0 to +70 ae 
Storage Temperature —65 to +150 ‘Cc 


* With respect GND 
* * per circuit 
* * * per package 


MRECOMMENDED OPERATING CONDITIONS 
Item Symbol 

Vec 

Vopo 


Operating Temperature Tope 


wea f 
° ~} 
mi on 
— 
= 
ale 
oS 

< 


Supply Voltage 


Load Capacitance 


Damping Resistance 


e 


M@ PIN ARRANGEMENT 


Von 
Yr 
Ay 
B, 
B, 
Az 
Y: 


GND 


(Top View) 


MELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V +5%, Vono=12V +5%) 


Item Symbol 


Input Voltage 


V Vin=2V, Tor=0.1mA 
Output Voltage ie ate 


ee eee 
i Be In 

Input Current Vin~=2.4V 
| BO Tin om 


in 


— 
ra 


Sie 
! 

° 

< 


Tppu ‘ 


s 
i 
nr 
< 


Tope 
Power Supply Current. 
Tecnu 


Ss 
I 
on 
< 


Tcct 


Lae | 
I 
| 

—_ 

ih 

3 

> 


Input Clamp Voltage 
* Veco=5V, Voo=12V 


in 
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Test Condition 
Viz 
Vin 


Vou Vin=0.8V, Ton =—0.1mA 


S}S]S 

Hy 
ojun 
Shin 
< 


typ* 


Voo—0. 


© 


~~ 


11 


on 
— 


| 
re) 


<|5/>/5/5 (5 15/5/5158) <|/</< 








HD2912 


BM SWITCHING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V, Voo=12V) 


Rising Delay Time 


Falling Delay Time C.=300pF 
Rise Time Ro=00 


@®TEST CIRCUIT AND WAVEFORMS 


(ns) 


Faliing Delay Time topaz 





Veco Von 
O © 


© Output 


Cr 


FALLING DELAY TIME vs. 
LOAD CAPACITANCE (1) 


(Ea eeceeeeee 
es 
PER ERSERASZ 

| age 
















ea 

dl 2) I lg tee 

|| | | pea | 

i Tt 

rai! al 

P2aRee eae 

4h RRR 
Woeded b e 
Ta =25°C 






0 100 200 300 400 500 600 


Load Capacitance Cz (pF) 


RISE TIME AND RISING DELAY TIME 
vs. AMBIENT TEMPERATURE 


) 


tDLH,tTLH (ns 





Ambient Temperature Ta (‘C} 


) 


Rising Delay Time foun (ns 









tpHL,tTHL (ns) 





Tso fe 
ene 
[2s [ 






te =250NS lesete =350ns.¢¢ =t, =10£I]ns 


RISING DELAY TIME vs. 
LOAD CAPACITANCE (2) 


100 200 300 400 


Load Capacitance Cr (pF) 


FALL TIME AND FALLING DELAY TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 
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HD2912 


Switching Time (ns) 


Power Dissipation Pr (mW) 


312 


SWITCHING TIME vs. 
SUPPLY VOLTAGE (1) 





44 4.6 48 5.0 5.2 5.4 5.6 


Supply Voltage Vcc (V) 


POWER DISSIPATION 
vs. CYCLE TIME 


i Tmo 
7 eee 


snl tion SLIT CTE 
SEE ee BEST 
ry ami SS 
LEN 





Cycle Time teycte (us) 


Switching Time (ns) 


SWITCHING TIME vs. 
SUPPLY VOLTAGE (2) 





10.5 11.0 11.5 13.5 


120 125 13.0 


Supply Voltage Vap (V) 


MITEMS REQUIRING CARE WHEN USING 
THE HD2912 

When measuring or mounting the HD2912, consider 
the following. 

1. 


Clock Driver 


At the time of “‘H”’ level output, if a short circuit 
occurs between the output terminal and the 
other terminal (the GND terminal or input 
terminal), the element wil! breakdown. 


. When measuring the input/output characteristic 


of the circuit, do not place the input level in the 
vicinity of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg- 
lected, the element may breakdown. 


. If its load capacity is less than a certainalue 


(100pF), sometimes this element cannot fully 
provide its function. Take note of this fact when 
designing a system. 


. When mounting this satneaes it is recommended 


providing the output terminal with a damping 
resistor (Rp) or a diode terminating circuit. 


Von 
@ 





HD2916 


Quadruple TTL-to-NMOS Clock Drivers 

The HD2916, a clock driver for the MOS memory, basically 
possesses a NAND function. Its Input is a TTL level and its output 
becomes N MOS clock input level. It operates on two power supplies 
— Vec (5V) and Vpp (12V). Assuming that a maximum of five 
units of 4K-bit N MOS memories may be connected, it is designed to 
drive a load capacity of 200pF at high speeds. 


MFEATURES 

TTL-MOS level converter 

Switching time: 50 ns (max.) 

Average power consumption: 6G00mW (max.) 
Load capacity drivable: 300pF 

Mounted with 4 circuits 

Applicable temperature: 10 to 65 C 


M ABSOLUTE MAXIMUM RATINGS 


seine Voc v 
Input Terminal Voltage V 
Output Load Capacitance Ci** | 300 | pF 


Operating Temperature 0to +70 — *C 
Storage Temperature Tig —50 to +150 °C 


* With respect to GND 
* * Per circuit 
* * * Per package 


M RECOMMENDED OPERATING CONDITION 








Supply Voltage 





Operating Temperature 


Input Voltage Level 






M@PIN ARRANGEMENT 








(Top View) 


M ELECTRICAL CHARACTERISTICS (Ta=10 to 55°C, Vec=5V +5%, Voo=12V +5%) 


Irn Vin=2.4V 


Ii Vin=0.4V 


Input Current 
Tn Vin=2.4V 


ae 


In 
Vou 
Output Voltage 
Vou 
Ippu Vin=0V 
Tecu Vin=0V 


Supply Current 


C.=300pF, f= 1MHz 


Average Power Dissipation Pra 


* Veco=5V, Voo=12V 


Vin=0.4V 
Vin=0.8V, Ion =—50KA Voo— 
Vin =2.0V, Tor =50KA 
Toot 
Tect 


tw=0.5ms, one circuit operation 


typ* 


Voo—0.4 


Oo 


at 


to |] Ge —_ 


B 8/8 (8) <|<|B/E/BIE|S 


3 
= 
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HD2916 


MESWITCHING CHARACTERISTICS (Ta=10 to 55°C, Vec=5V +5%, Von=12V +5%) 


fol 1MHz 


@® TEST CIRCUIT & WAVEFORMS 








Output Delay Time 
tw=0.54s 





Vcc o o Von 
Input 


Output 





eet, 
J=1MHz,te =500ns,t rin = trae = lOns + Ins 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs. LOAD CAPACITANCE vs. AMBIENT TEMPERATURE 


) 


se 
Saakeaee 


Vin = ae 
Cc 


Propagation Delay Time tows. tot (ns 
Propagation Delay Time tozu. tone (ns) 





Ambient Temperature Ta(°C) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


s) 


Delay Time foie, doe (n 
n Delay Time tpi. Eoyt (ns) 


& 


Propagation 





0 
10.5 11.0 11.5 12.0 12.5 13.0 13.5 


Supply Voltage Vee V. Supply Voltage Vpn (V) 
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Power Dissipation Pr (mW) 


POWER DISSIPATION 
vs. CYCLE TIME 


Duty Cycle 50% 
One circuit 
Operation 





Cycle Time tcycte (us) 


HD2916 


MITEMS REQUIRING CARE WHEN USING 


THE HD2916 
When measuring or mounting the HD2916, consider 


the following: 

1. At the time of H"’ level output, if a short circuit 
occurs between the output terminal and the’ 
other terminal (the GND terminal or input 
terminal), the element will breakdown. 

2. When measuring the input/output characteristic 
of the circuit, do not place the input Jevel in the 
vicinity of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg- 
lected, the element may breakdown. 
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HD2923 


Quadruple ECL to TTL Drivers 

The HD2923 is a monolithic, high speed Quadruple ECL to TTL 
Driver which accepts ECL input signals. it provides high output 
current suitable for driving the TTL clock inputs or other address 
multiplexing inputs of N-channel MOS memories such as the 
HM4816A of MK4116.Power supply requirements are ground, +5.0 
Volts and —5.2 Volts. The HD2923 requires no particular power 
supply sequencing in order to assure standby mode of memories, 
because the outputs are always “high” at applying the power. 
Propagation delay is 10ns MAX. 

The HD2923 is fabricated by means of HITACHI’s Schottky Bipolar 
technoldgy to assure high performance over the OC to 75°C 
ambient temperature range. 
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MI FEATURES PIN ARRANGEMENT 
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® 10K ECL Compatible Inputs 
@ Pin Compatibility ........ Gee care he MC10125 or HD10125 
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HD 2923 


MDC CHARACTERISTICS 
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MAC CHARACTERISTICS 
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HITACHI, LTD. SEMICONDUCTOR AND 


INTEGRATED CIRCUITS DIVISION SALES OFFICE 





HEADQUARTERS 

Hitachi, Ltd. 

Nippon Bidg., 6-2, 2-chome 

Ohtemachi, Chiyoda-ku, Tokyo, 100, Japan 
Tel: 270-2111 

Telex: J22395, J22432 

Fax: 03-246-0427 


US SALES OFFICES 

Hitachi America Ltd. 

Electronic Devices 

Sales and Service Division 

1800 Bering Drive San Jose, CA 95112 
Tel: 408/292-6404 

Telex: 17-1581 

Twx: 910-338-2103 

Fax: 408-2922133 


WESTERN REGION 
Hitachi America, Ltd. 
Western Regional Office 
9700-Reseda Bivd, Suite 208 
Northridge, Calif. 91324 
Tel: 213-701-6606 


NORTH CENTRAL REGIONAL SALES OFFICE 
Hitachi America, Ltd. 

500 Park Boulevard 

Suite 415 

itasca, IL 60143 

Tel: 312/773-4864 


SOUTHERN REGION 
Hitachi America, Ltd. 
Central Regional Sales Office 
6200 Savoy Drive, Suite 704 
Houston, TX 77036 

Tel: 713/974-0534 

Twx: 910-881-7043 


EASTERN REGION 

Hitachi America, Ltd. 

Eastern Regional Sales Office 

594 Marrett Road, Suite 22 Lexington, MA 02173 
Tel: 617/861-1642 

Twx: 710-326-1413 


EUROPEAN SALES OFFICES (EU) 

Hitachi Electronic Components Europe GmbH 
Hans-Pinselstr. 3 8013 Haar bet Munchen 

Tel: 089/46140 

Telex: 05-22593 (HITEC-D) 

Fax: 089463151 
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Branch offices 

Hitachi Electronic Components Europe GmbH 
Verkaufsburo Dusseldorf 

Ko6nigsatlee 6, Dusseldolf 1 

Tel: 0211-8905-0 

Telex: 8584536 (HIEC-D) 


Hitachi Electronic Components Europe GmbH 
Verkaufsburo Stuttgart 

Fabrikstr 17 7024 Filerstadt 4 

Tel: 0711/772011 

Telex: 7255267 (HIES) 


Hitachi Electronic Components Europe GmbH 
Bureau de Representation en France 

9, Boulevard Ney 75018 Paris 

Tel: 201/25-00 

Telex: 211-835F 


EUROPEAN SALES OFFICES (UK) 
Hitachi Electronic Components (UK) Ltd. 
221-225 Station Road, 

Harrow, Middlesex, HAL 2XL England 
Tel: 01-861-1414 

Telex: 936293 (HITEC-G) 

Fax: 01-863-6646 


Branch office 

Hitachi Electronic Components (UK) Ltd. 

Box 1062, 163 11 Spanga, Stockholm, Sweden 
Tel: 08-751-0035 

Telex: 14106 


ASIAN SALES OFFICES 

Hitachi Semiconductor (Hong Kong) Ltd. 

Roxy Industrial Centre 6th Floor 

Tai Ling Pai RD., Kwai Cheongrd., Kwai Chung. N. T 
Tel: 0-295661 5 

Telex: 64644 HISEKHK 

Fax: 852-0-251012 


Branch offices 

Hitachi Semiconductor (Hong Kong) Ltd. 
Taiwan Branch Office 

No. 73 7th F1-1, Fu Shing N. RD. 

Hsing Nan Bldg. Taipei, Taiwan 

Tel: 02-773-2162 3 

Telex: 23222 HISEKTWN 


Hitachi Semiconductor (Hong Kong) Ltd. 
Singapore Branch Office 

60 Benoi Road, Singapore 2262 

Tel: 268-9658 

Telex: RS33904 HEDS 


REGIONAL OFFICES 


For further information, contact your Regional Sales Office: 












- | North Central ; 
~  * * BOO Park Blvd. 
. Suite 415 | 
Itasca, IL 60143 
312: 773-4864 
Northwest 
9700 Reseda Bivd,, 
Suite 208 
Northridge, CA 91324 
213-701-6606 
Eastern 
- §94 Marrett Road, 
Suite 22 
i Lexington, MA 02173 
08 Ang 617-861-1642 
Southwest 
9700 Reseda Bivd., Suite 208 
Northridge, CA 91324 
213-701-6606 
southern 


6200 Savoy Drive, Suite 704 
Houston, TX 77036 
713-974-0534 
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